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GRW:ss
Project 37673
23 June 2006

REPORT ON GEOTECHNICAL ASSESSMENT
PROPOSED NORTHERN EXTENSION OF GERROA SAND QUARRY
GERROA AND BEACH ROADS, GERROA

1. INTRODUCTION

This report presents a geotechnical assessment of the proposed Northern Extension of the
Gerroa Sand Quarry at Gerroa and Beach Roads, Gerroa. The assessment was requested by

Cleary Bros (Bombo) Pty Ltd, the operators of the quarry.

It is understood that Cleary Bros (Bombo) Pty Ltd are seeking approval from the Minister for
Planning to extract the sand resource, extending some 800 - 900 m northeast of the existing

dredge pond area, over a period of about 15 years.

The assessment comprised a review of published and unpublished data relevant to the quarry,
a visit by a senior geotechnical engineer, cone penetration testing and boring with sampling,
followed by chemical and physical testing of selected samples and geotechnical analysis of
resource volume and geotechnical constraints to the development. The details of the field work
and subsequent analysis are given below and include reference, where appropriate, to the

previous assessments and data.

As required by the Department of Environment and Conservation (NSW) in the Director
General's Requirements, the assessment has included consideration of relevant geotechnical

and groundwater issues included in:
e Water Quality and River Flow Interim Obijective ‘lllawarra Catchment’ (October 1999);

e Acid Sulfate Soil Manual, NSW Acid Sulfate Advisory Committee (August 1998);

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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The NSW State Groundwater Policy — Framework Document, Quality Protection Policy,

Groundwater Quantity Management Policy and Groundwater Dependent Ecosystems;

State Water Management Outcomes Plan;

State Environmental Planning Policy No. 58 — Protecting Sydney’s Water Supply;

Environmental and Health Protection Guidelines: Onsite Sewage Management of Single
Households (February 1998);

NSW EPA, Draft Environmental Guidelines for Industry: The Utilisation of Treated Effluent
by Irrigation (February 1995);

NSW Department of Housing, Managing Urban Stormwater: Soils and Construction (4th
Edition, March 2004).

The preparation of the assessment has also included consideration of issues included in the
Department of Primary Industries, Mineral Resources Division EIS Resource Data

requirements.

The principal information sources comprised:

e ‘Sand Resources in the Wollongong Area’. NSW Geological Survey Report No. GS1979/071
(Unpublished);

e ‘Gerroa Sand Resource — Southern Extraction Area’. R W Corkery & Co. Pty Ltd Report No.
279/02;

e  ‘Wollongong 1:250 000 Series Geological Series Sheet. NSW Department of Mines, 1966;

e periodic rainfall, extraction face location, dredge pond level and, groundwater monitoring

bore data collected by Cleary Bros (Bombo) Pty Ltd;

e materials testing carried out by Coffey Partners International Pty Ltd (Job No. SC568/1, July
1990);

e materials testing carried out by Network Geotechnics Pty Ltd (Job No. W2099/1, July 2000);

e the results of a Douglas Partners investigation (Project 25766, February 2001) of the Gerroa
Sewage Treatment Works located approximately 1 km to the north of the proposed

extraction area and situated within an equivalent depositional environment.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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e groundwater and surface water testing during 2005 and 2006 by Earth2Water Pty Ltd (E2W)
and Enviromanagers Pty Ltd, the results being included in the annual environmental

management reports for 2004 and 2005.

2. SITE DESCRIPTION

The site for assessment comprises an irregularly shaped area, generally ranging from 80 —
200 m wide, extending some 800 - 900 m in a north-eastern direction from the current northern
extent of the operating dredge pond (Drawing 1). The site lies at the western side of Gerroa

Road and is approximately 600 m from the current beachfront.

Natural surface levels relative to Australian Height Datum (AHD) range from RL 1, adjacent to a
drainage canal near the northern end of the proposed extraction area, to RL5 — RL 7 (AHD)

along the Gerroa Road frontage.

Within the current dredge pond at the southern end of the proposed extraction area, sand
extraction has been carried out to depths of up to about 4 m below dredge pond water level,

corresponding to about 10 m below the level of Gerroa Road.

Limited clearing of vegetation has taken place progressively in front of the current extraction
face beyond which the proposed extension area is densely tree covered for a length of about

200 m, thence partially tree covered to cleared over the remaining sections (Drawing 1).

3. GEOLOGICAL AND HYDROGEOLOGICAL SETTING

Reference to the Wollongong 1:250 000 Geological Series Sheet indicates that the Gerroa
Sand Quarry and proposed Northern Extension lie within the drainage basin of Crooked River

which discharges to the Shoalhaven Bight approximately 3.5 km to the northeast.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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The basin is bounded to the north-west (at about the alignment of the South Coast Railway
some 1.5 km to the northwest) by a topographic bedrock high of Berry Siltstone of Permian age.
An east-trending spur of this bedrock high also extends to near the intersection of Gerroa and

Beach Roads.

The bedrock is overlain by sediments of Quaternary (Holocene) age, which may be separated
into the following broad deposition modes in order of surface occurrence from the present day

beach:

e beach ridges located between the current seafront and the eastern side of Gerroa Road
comprising aeolian sand. The beach ridge system controls the local creek drainage which

flows northeast before joining the Crooked River.
¢ low, aeolian sand dunes extending 100 m to 500 m from the beach ridges.
e aeolian sand sheets extending 100 m to in excess of 1 km inland from the low dunes.

e fluvial and back dune lagoonal sediments comprising inter-banded sands, clay and mud.
These deposits within Foys Swamp extend westerly from the edge of the sand sheet to the

South Coast Railway.

The Gerroa Sand Quarry and the proposed Northern Extension Area are located at the rear of

the beach ridge system on low sand dune and sand sheet deposits.

Cleary Bros (Bombo) Pty Ltd monitoring bores in the Gerroa Sand Quarry and the area
extending north-east to adjacent to the Crooked River indicate that the alluvium acts as an
aquifer in which there is a moderate variation in groundwater levels but a consistent, north-east
trending flow gradient (about 0.3%) adjacent to the dredge pond, possibly reflecting the
topographic bedrock high adjacent to southern side of Beach Road. Elsewhere, there appears
to be a generally easterly-trending flow gradient of about 0.1% - 0.2% towards the shore. There
are however appear to be locally even flatter gradients and reversals of gradient, suggesting
that groundwater mounding within the dunes sheds both eastward to the sea and westward to
the main drainage canal which continues northward as Blue Angle Creek and thence Crooked
River (both of which are tidal).

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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4, FIELD WORK METHODS

The project field work comprised:

e a site inspection by a senior geotechnical engineer on 18 November 2004 for site

familiarisation and selection of representative test locations.

e eleven cone penetration tests (CPT 101 — 111) to depths of 15 m within and adjacent to the
proposed extension area. In these tests a 35 mm diameter instrumented cone is pushed
using hydraulic thrust from a 15 tonne capacity truck-mounted unit with a vertical penetration
rate of 20 mm/sec. Cone tip and sleeve friction resistance are monitored and recorded on

computer for later plotting.

e four sampling bores (Bores 201 — 204) at locations selected on the basis of the results of
the cone penetration testing. The bores were drilled to depths ranging from 13.5 — 17.5m
using a truck-mounted Scout auger/rotary rig, the bores being initially progressed using
spiral flight augers until caving conditions were encountered, then extended to final depths
using rotary methods. Representative samples were collected at 1 m depth intervals using

auger and standard penetration test (SPT) methods.

e the sampled materials were transported and stored in accordance with standard protocols
for subsequent testing of acid sulphate soils. The logging of the sampled materials was by

an experienced engineering geologist.

Previous relevant materials investigations of the immediate site area have comprised:

e two sand sampling bores (SM 5 and SM 6), drilled to depths of 9 m by the Department of

Mines in 1979. Sampling and logging was carried out over 1.5 m intervals.

e three sand sampling bores (CB 201, CB 204 and CB 206), drilled to depths of depths
ranging from 5.5 — 14 m by Cleary Bros (Bombo) Pty Ltd in 1990 . It is noted that the site of

CB 201 has been mined and now lies within the area of the dredge pond.

e atest pit (TP 3) excavated to a depth of 7.5 m with sampling at approximately 1 — 2 m depth
intervals by Cleary Bros (Bombo) Pty Ltd in 2000.

The locations of the current bores and cone penetration tests are shown on Drawing 1 and were

determined using a hand held GPS unit. The collar levels were interpolated from contour data

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006
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included on an orthophotomap (an extract of which is included in Drawing 1) supplied for use in
the assessment. The locations of the previous test locations are also shown on Drawing 1 and
were scaled from drawings included in the previous reports for the site and as such, these

locations are considered approximate only.

5. FIELD WORK RESULTS

Details of the conditions encountered in the current bores and the cone tests, together with
previous subsurface investigations, are presented in Appendix A, together with notes defining
classification methods and descriptive terms. Interpretative geological cross sections (Sections
A - A’to G — G’) summarising the results of the investigations are given in Drawings 2 and 3.

The test pit, bores and cone penetration tests intersected a regular pattern of soil and bedrock
stratigraphy at the site generally consistent generally with the geological mapping.

Previous investigations summarised by R W Corkery & Co. Pty Ltd included subdivision of the
sediments underlying the Gerroa Sand Quarry and part of the proposed Northern Extension
Area into three units. The current detailed profiling by cone penetration testing and bores has
permitted clearer definition of sediments and has permitted an extension of the previous unit

descriptions as summarised below and shown on Drawings 2 and 3:

Unit 1: yellow to cream or orange brown, variably very loose to very dense, well sorted, fine to
very fine grained sand and silty sand becoming fine to medium grained in places, with no
shells, associated with dune deposits. The base of the unit is generally above mean sea
level (about RL 0) but with isolated sections possibly extending down to RL -1. A 0.2 —

0.6 m thick organic rich silty sand topsoil was developed on the unit at Bores 201 — 204.

The unit varies in thickness from less than 1 m at the western edge of the proposed

Northern Extension Area to approximately 7 m in Bore 203 adjacent to Gerroa Road.

Unit 2: fawn or orange-brown to grey, indurated in places, generally medium dense to very
dense (with some loose bands), moderately well to poorly sorted, fine to very coarse
grained sand with variable amounts of lithic gravel and shell, associated with a

combination of beach, shore-face, barrier wash-over and tidal inlet deposits.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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The base of the unit was interpreted at between RL -2 to RL -6, the unit thinning to the
west and varies in thickness between about 4 m and 8 m. The unit was separated from
the overlying Unit 1 by a clay lens (to about 0.3 m) in the area between CPT 104 and
Bore 204.

dark grey to black, organic-rich, soft to stiff clay of estuarine or lagoonal deposition. The
maximum thickness of the unit was approximately 2.5 m in the south-western section of
the proposed Northern Extension Area. The unit thinned rapidly to less than 1 m or was
absent (possibly being eroded during the marine transgression) in the north-eastern
section of the area.

The base of the unit was interpreted at between RL -6 to RL -8. It is noted that a similar
0.5 — 1.5 m clay layer with a base at RL -3.5 to RL -4 was penetrated by testing at the

Gerroa Sewage Works site.

The unit is interpreted as having formed in a back-dune location during a still-stand at
about RL -5 preceding the stabilisation of sea level at about current levels some

6500 years before present.

grey to dark grey, generally medium and coarse grained, medium dense to very dense
sand with included gravelly sand/sandy gravel bands, particularly at the base of the unit

at the north-eastern end of the proposed Northern Extension Area.

The unit was up to 4m thick, base of the unit was interpreted at between RL -6 to

RL -11. The unit generally thickened and deepened to the northeast.

grey, soft to very stiff and hard clay, interpreted as representing possible some alluvial
material and the residual weathering profile developed on the Berry Siltstone. The
maximum thickness penetrated by testing was 6 m. A similar profile was intersected at
depths of 16 m to 18 m (RL —12 to RL —14) in the Gerroa Sewage Works site.

Groundwater was noted in the current bores and inferred at hole collapse depths at CPT

locations at RL 0.5 — 2.5. In comparison, maximum groundwater levels of approximately

RL 0.9,

RL 1.4 and RL 1.6 are indicated by data obtained by Cleary Bros (Bombo) Pty Ltd in

water monitoring bores WM 3, WM 4 and WM 5, respectively.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006
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6. GROUNDWATER

The following sections assess hydrogeological factors determined from the available surface
and groundwater monitoring data collected in the period 1993 — 2006. Where relevant, the

available data has been compared to long-term rainfall records.

6.1 Rainfall and Pond Level

The site is located immediately adjacent to the Shoalhaven Bight and within an area
characterised by a median and mean annual rainfall of about 1165 mm and 1252 mm,
respectively (on the basis of over 100 years records at the Kiama and Point Perpendicular
monitoring stations). Detailed (daily) rainfall records from the Gerroa Sand Quarry indicate a
median and mean annual rainfall of about 1047 mm and 1065 mm, respectively, some 10% to
15% below the anticipated long-term median and average values for the local coastal area and

some 6% to 9% greater than the Nowra monitoring station about 13 km inland.

Measurements of the dredge pond level have been compared to available yearly rainfall for the

site in the period 1993 — January 2006 and the anticipated median rainfall value (Table 1).

Table 1 — Summary of Yearly Rainfall and Dredge Pond Levels

1993 1994 1995 1996 1997 1998 1999 2000 2005 2006

Maximum 1.9 1.88 1.875 | 1.825 1.85 2.175 | 2.175 1.65 1.65 1.1
Level
(AHD)

Minimum 1.4 1.27 1.0 1.35 1.35 0.95 1.15 0.95 1.15 1.05
Level
(AHD)

Range of 0.5 0.53 0.875 | 0.475 0.5 1.225 | 1.025 0.7 0.5 0.05
Level

(m)

Total 755 926 1134 866 1101 1440 1309 993 1147 NA
Rainfall
(mm)

Variation -410 -239 -31 -299 -64 +275 +144 -172 -18 NA
from
Median
Rainfall
(mm)

NA = Not available

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006
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The results shown in Table 1 indicate that:
e 1998 and 1999 had rainfall in excess of the anticipated median (1165 mm) rainfall.

e the yearly maximum dredge pond level in years of less than median rainfall moved within a

limited range (RL 1.65 — 1.9) with an average maximum of RL 1.83.

¢ the increase in dredge pond level in 1998 and 1999 corresponded closely with the rainfall in

excess of the median value.
¢ the yearly minimum dredge pond level also moved within a limited range (RL 0.95 — 1.4).
e the minimum dredge pond level (RL 0.95) is 0.45 m above mean sea level.

e the maximum dredge pond level (RL 2.175) occurred during the year of highest rainfall

(1998) indicating the rapid effect of rainfall on the groundwater regime.

The dredge pond levels have also been compared to daily rainfall events and the results of the
1999 - 2000 record periods (when the dredge pond area was slightly smaller than the current

case). The comparison indicates that:

e for daily rainfall events generally in excess of 100 mm or close spaced rainfall events

totalling about 100 mm there is a similar rise in the dredge pond level.

e high dredge pond levels declined rapidly towards the minimum (base) level between
August 1999 (an above average rainfall period) and June 2000 (within a below average
rainfall period) with the decline being stabilised in the February to May 2000 period by some

seven rainfall events in the range 10 mm to 50 mm.

When dredge pond levels are compared to the levels in the groundwater monitoring bores,
there is an indication that, during years of significantly lower than median rainfall (e.g. 1993),
there is a possible localised reversal of groundwater flow at the eastern end of dredge pond
(see Drawing 4) compared to a normal or slightly below median rainfall period (e.g. 2000) when

flow gradient continues to the northeast (see Drawing 5).

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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6.2 Rainfall and Evaporation from Dredge Pond

The assessed median rainfall for the Gerroa area is about 1165 mm (in comparison with
1047 mm for the period of recording at the Gerroa Sand Quarry). In comparison, available data
for evaporation rates for a NSW south coast area recording station (Ulladulla) indicates that the
average daily evaporation rate is of the order of 2.8 mm/day (1022 mm/year), less than either
the assessed or measured rainfall data. It is however understood that readings at the Nowra
monitoring station indicate average evaporation of the order of 4 mm/day (about
1460 mm/year). As such, there is an uncertainty with regard to the balance between rainfall

and evaporation from the dredge pond at the site.

6.3 pH of Dredge Pond Water and Groundwater

Measurement of the pH of both the dredge pond water and groundwater in the Cleary Bros
(Bombo) Pty Ltd monitoring bores has been carried out on a regular basis since 1993. The
monitoring of the dredge pond and the monitoring bores WM 1 and WM 2 at the southern end
of the Gerroa Sand Quarry, together with monitoring bores WM 3, WM 4, WM 5 and WM 6, the
main drainage canal and Blue Angle Creek in or near the proposed Northern Extension Area

indicated:

e the dredge pond pH has generally moved within the range 6.0 — 9.0 (moderately acidic to
strongly alkaline) in comparison with a range of 5.4 — 8.5 (strongly acidic to strongly alkaline)

for the monitoring bores.

¢ the lowest dredge pond pH values were measured in the period of heavy rainfall at the end
of July 1998 and extreme rainfall in mid August 1998. This may reflect the flushing of

organic acids or oxidised pyritic material from the sand aquifer.

e the minimum pH levels (pH 5.4 and 5.9, respectively) in the monitoring bores WM 2 and

WM 3 may be an indicator of pyrite oxidation or the presence of organic acid complexes.

¢ the pH of Blue Angle Creek at the flood gates at the northern end of the CB property (i.e.
north of the proposed quarry extension) generally ranged between 6.6 and 7.8, but with a

lower pH reading of 4.8 being associated with transient stream flushing event during wet

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006
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weather. For comparison, pH readings as low as 3.2 have been recorded in the drains within

Foys Swamp, upstream (west) of the proposed quarry extension area.

The conditions represented by the pH values within the dredge pond or monitoring bores
described above are not considered severe. The significantly lower pH values recorded in the
Foys Swamp drainage system and its discharge path (Blue Angle Creek) indicate periodic

severe conditions probably related to flushing of acid formed by oxidation of acid sulphate soils.

6.4 Groundwater Quality

It is noted that the Berry Siltstone, which forms the bedrock to the immediate south of Berry
Beach Road, frequently includes accessory pyrite mineralisation, but of a significantly different
formation type and form than associated with acid sulphate soils. The soils developed on the
Berry Siltstone are commonly acidic and surface runoff from these soils may influence the

quality of the groundwater within the adjacent alluvial aquifer.

Measurement of the electrical conductivity (as an indicator of Total Dissolved Solids [TDS]) of
groundwater in the dredge pond and the Cleary Bros (Bombo) Pty Ltd monitoring bores WM 1 -
WM 6 has been carried out since 1993. Additional field measurement of TDS has also been
undertaken by E2W and others in the dredge pond and at Blue Angle Creek. The results of the

monitoring are summarised in Table 2 (see following page).

It is understood that the highest value at Blue Angle Creek was recorded at high tide and

indicates substantial mixing with seawater.

Field measurements of Dissolved Oxygen (DO) have also been undertaken recently by E2W
and others in the dredge pond, main canal and at Blue Angle Creek. The results indicate DO
values in the ranges 65% - 100%, 24% — 100% and 26% — 92% in the dredge pond, main canal

and Blue Angle Creek, respectively.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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Period Electrical Conductivity (nS/cm) at sampling location
WM 1 WM 2 WM 3 WM 4 WM 5 WM 6 | Dredge Blue
Pond Angle
Creek
1993 636 - 416 - 130 - 404 - 96 - 91 - 400 - NA
5980 920 470 605 1140 225 626
1994 390 - 395 - 132 - 142 - 86 - 495 - NA NA
2940 1162 1833 930 1140 966
1995 650 - 322 - 140 - 388 - 96 - 76 - NA NA
2440 1983 380 1620 490 209
1996 414 - 321 - 213 - 376 - 98 - 91 - NA NA
4620 1114 609 590 120 136
1997 2390 - 335 - 214 - 351 - 109 - 73 - NA NA
4980 501 537 677 180 120
1998 1220 - 366 - 191 - 370 - 54 - 93 - NA NA
6470 902 701 1052 171 236
1999 965 - 455 - 161 - 264 - 84 - 83 - NA NA
2900 879 314 1098 191 238
2000 739 - 460 - NA 604 - NA 113 NA NA
3830 770 1865
September 278 - 465 - NA NA NA NA 510 - 750 —
2003-2004 1113 530 1339 >20000
2005 290 - NA NA 740 - 100 NA 510 - 810 -
1030 1110 690 >20000
Range over 278 - 321 - 130 - 142 - 54 - 73 - 400 - 750 -
measurement 6470 1983 1833 1865 1140 238 1339 >20000
period

NA Not available

The results shown in Table 2 indicate that:

e monitoring bore WM 1, located up-gradient and closest to bedrock exposure, has the

consistently highest yearly TDS values (where TDS = 0.65 x wS/cm), consistent with flushing

of salts from the bedrock.

e the highest minimum yearly TDS values in the monitoring bores were recorded in the up-

gradient bores WM 1 and MW 2, consistent with flushing of salts from the bedrock.

¢ the increased minimum TDS values for the dredge pond in comparison with the surrounding

groundwater mass are likely to relate to the disturbance caused by the dredging and

processing procedures.

e all minimum conductivity values indicate fresh water conditions (<1500 uS/cm of the Clean

Waters Regulations).

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry
Gerroa and Beach Roads, Gerroa
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e the maximum conductivity values for the dredge pond and monitoring bores WM 5 and

WM 6 indicate fresh water conditions.

e monitoring bore MW 5 has the overall highest quality water, possibly related to mounding of

infiltrated rainwater within the dune sand at that location.

e the surface water quality in Blue Angle Creek fluctuates with tide, being fresh at low tide and

saline at high tide.

7. LABORATORY TESTING

7.1 Physical Testing

Selected samples from the current bores were tested in the laboratory for measurement of
particle size distribution (grading), particle density, water absorption and organic impurities
(other than sugar). The detailed results of the current testing are given in Appendix B and
additional test results of particle size distribution, shell (carbonate) content and organic
impurities from the previous investigations are given in Appendix C.

The results of all testing are summarised below.

7.1.1 Grading
A total of 29 particle size distributions were determined on samples from within or adjacent to
the proposed extension area. The results are summarised in Table 1 (following page) with
comparison with the grading requirements and limits of deviation for uncrushed fine aggregate
for use in concrete (Australian Standard AS 2758.1 — 1998).

The results indicate that the very fine and fine grained sands of Unit 1 generally do not satisfy
the requirements of AS 2758.1 — 1998, the samples generally exceeding the requirement for the
passing 300 wm size range. The unprocessed, medium and coarse grained sands obtained
from Unit2 and Unit5 generally satisfy the requirements with minor exception of small
excesses in the coarser and 75 wm size ranges.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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It is understood that the mixing of Unit 1 and Unit 2 materials during dredging and subsequent
processing have provided acceptable fine concrete aggregate during the operation of the
Gerroa Sand Quatrry.

Table 1 — Summary of Particle Size Distribution Testing — Proposed Northern Extension Area

Location Depth Unit Percentage Passing (%)
(m) 9.5 4.75 2.36 1.18 600 300 150 75
(mm) | (mm) [ (mm) | (mm) | (pm) | (pm) | (pm) | (pm)
Bore 201 1.0 1 100 100 100 100 100 98 12 2
2.0 1 100 100 100 100 100 92 5 1
8.0 2 99 99 98 92 78 49 13 4
11.0 4 100 100 100 99 89 41 8 3
Bore 202 1.5 1 100 100 100 99 98 98 9 1
3.0 1 100 100 100 100 100 90 6 2
5.0 2 100 100 100 99 98 78 7 2
7.0 2 99 98 97 92 80 46 7 4
10.0 4 98 97 96 94 73 27 10 6
Bore 203 2.0 1 100 100 100 100 100 94 11 2
6.0 1 100 100 100 100 100 83 7 2
9.0 2 100 98 94 85 71 39 10 3
12.0 4 100 100 99 98 89 34 7 3
Bore 204 0.5 1 100 100 100 100 100 99 9 2
2.0 1 100 100 100 100 100 86 5 2
4.0 1 100 100 100 100 100 78 3 1
7.0 2 98 97 94 90 86 47 8 3
12.0 4 100 100 99 94 59 13 4 2
CB201 3.0-5.0 2 100 98 97 95 77 38 12 6
49-54 2 95 94 92 88 76 43 13 5
CB204 0-1.0 1-2 100 100 100 100 98 86 17 12
2.0-5.0 2 100 98 97 91 60 19 6 4
CB206 6.0-8.0 2 100 96 92 90 85 63 19 10
8.0-10.0 4 100 97 94 88 73 44 10 6
10.0-13.0 4 100 100 100 99 84 41 8 3
TP3* 1.2 2 100 100 100 99 80 22 10 8
4.0 2 100 100 100 99 89 40 13 7
6.0 2 100 100 100 99 76 12 5 2
7.5 2 100 100 100 100 89 33 10 5
AS 2758.1 — 1998
LIMITS 100 90 — 60 - 30— 15- | 5-50 | 0-20| 0-5
(MASS PASSING %) 100 100 100 100
MAXIMUM DEVIATION (%) - 5 +5 +10 +15 +10 +5 -
Note * Washed Samples

| Outside Limits

7.1.2 Particle Density, Water Absorption and Organic Impurities
Five samples were tested for particle density and water absorption. An additional three samples
were tested for organic impurities (other than sugar). A further four results for organic
impurities were available from the 2000 testing of samples from TP 3.
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The particle density results (on dry basis) ranged from 2.33 — 2.37 t/m°, satisfying AS 2758.1 —
1998 requirements (greater than 2.1 t/m®) for normal weight aggregate. Water absorption
results ranged from 0.3 — 1%, satisfying the AS 2758.1 — 1998 requirement (about 2%).

Organic impurities testing of current samples and samples from TP3 indicated three ‘pass’ and
four ‘fail’ results, indicating a need for processing to reduce the organic content.

Shell content (by a non-standard method) was previously determined on samples selected from
Bores CB 201, CB 204 and CB 206. Carbonate content by acid digestion was also carried out
on washed samples from TP3. The results of these tests are given in Table 2.

Table 2 — Summary of Carbonate Content Testing

Location Depth Unit Shell >1.18mm (%) | Shell <1.18mm(%) | Total Carbonate (%)

CB201 3.0-5.0 2 - 8.2
49-54 2 10.2 6.2
CB204 0-10 1-2 - 7.5
20-5.0 2 1.0 2.6
CB206 6.0-8.0 2 34.9 20.3
8.0-10.0 4 12.0 6.3
10.0-13.0 4 1.0 1.6

TP3 1.2 2 <0.2

4.0 2 <0.2

6.0 2 <0.2

7.5 2 <0.2

7.2 Chemical Testing

As part of the current investigation, chemical testing was carried out for assessment
aggressivity and of acid sulphate soil potential. The detailed results are given in Appendix D
and are summarised below.

7.2.1 Aggressivity
Three samples were tested for pH, chloride and sulphate content in 1:5 soil:water extracts. The
results indicated pH values in the range 6.2 — 6.7, chloride in the range 1.5 — 52 mg/kg and
sulphate in the range <2.0 — 8.1 mg/kg, these being generally indicative of non-aggressive or
mildly aggressive ground conditions in accordance with Australian Standard AS 2159 — 1995.

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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7.2.2 Acid Sulphate Testing
Sixty nine samples collected from the test bores were screened by measurement of pH after the

addition of distilled water (pHg) and peroxide (pHrox). These screening tests give an
approximate indication of either the presence of actual acid sulphate soils (AASS) or potential
acid sulphate soils (PASS). On the basis of the screening tests, five samples were submitted to
the SGS Environmental Services Laboratory for Peroxide Oxidation Combined Acidity and
Sulphate (sPOCAS Method) testing.

Additional details of ASS potential are also available from the CB monitoring of Total Oxidisable
Sulphur as part of the quality control of processed sand. The results of all acid sulphate soil

testing are given in Table 3 (see following pages) are summarised below.

The screening and sPOCAS results indicated that:
e the pHE levels of the samples were not indicators of AASS conditions.

e 4 samples had moderate or vigorous reaction on oxidation being positive indicators of

potential acid sulphate soils (PASS) conditions.

e a total of 27 samples had significantly lower pH after oxidation, these also being positive
indicators of PASS conditions. However, only one sample (Bore 201/13.0 m) gave a
strongly indicative result (pH<3). The positive indicators were mostly obtained from bands

within Unit 1, Unit 4 and Unit 5 materials.

e all sSPOCAS samples had S, values at or in excess of the Action Criteria value (0.03%) for
sandy materials as presented in Acid Sulphate Soils Assessment Guideline. The Stpa
values showed a significant buffering effect, probably due to shell fragment content. For

risk assessment, however, the higher of the sulphur and acid "trails" should be used.

e the five processed sand samples from the Gerroa Sand Quarry analysed during the period
October 2003 to December 2004 had Total Oxidisable Sulphur values in the range 0.009%
to 0.029%, less than or equivalent to the Action Criteria value (0.03%) when quoted to two

significant places.
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Table 3 — Summary of Screening and Analytical Results

Location | Depth | Unit Field Screening Tests sPOCAS Test
(m) Natural Oxidised pPHE. Effervescence Spos0 Stpa%0
pHe PHEox PHEFox
Bore 201 0.5 1 6.2 5.9 0.3 S
1.0 1 6.4 6.2 0.2 S
1.5 1 6.5 6.2 0.3 S
2.0 1 6.6 5.8 0.8 S
3.0 1 6.7 6.3 0.4 S
4.0 1 7.0 6.4 0.6 S
5.0 2 7.9 7.7 0.2 S 0.03 <0.01
6.0 2 7.8 7.9 -0.1 S
7.0 2 7.9 8.2 -0.3 S
8.0 2 8.2 7.7 0.5 S
9.0 2 8.4 7.4 1.0 S
10.0 4 8.1 5.9 2.2 S
11.0 4 8.1 5.6 2.5 S
12.0 4 8.0 4.7 3.3 S
13.0 4 7.9 2.5 5.4 M 0.32 <0.01
Bore 202 0.5 1 8.3 4.8 3.5 S 0.08 <0.01
1.0 1 8.3 5.8 2.5 S
1.0 1 7.9 5.6 2.3 S
1.5 1 8.0 5.8 2.2 S
2.0 1 6.8 7.0 -0.2 S
3.0 1 6.9 6.8 0.1 S
4.0 2 7.4 6.8 0.6 S
5.0 2 8.2 7.4 0.8 S
6.0 2 7.9 7.4 0.5 S
7.0 2 7.7 7.6 0.1 S
9.0 2 7.7 7.7 0.0 S
10.0 4 7.7 5.6 2.1 S
11.0 4 7.7 4.8 2.9 S-M
12.0 4 7.7 5.9 1.8 S
13.0 4 6.6 6.2 0.4 S
14.0 4 6.8 6.2 0.6 S
15.0 4 7.0 6.2 0.8 S
Bore 203 0.5 1 7.5 6.0 0.5 S
1.0 1 7.2 6.1 1.1 S
1.5 1 7.3 6.0 1.3 S
2.0 1 7.3 6.4 0.9 S
3.0 1 7.7 6.5 1.2 S
4.0 1 7.4 6.5 0.9 S
5.0 1 7.4 6.5 0.9 S 0.09 <0.01
6.0 1 7.4 6.8 0.6 S
7.0 1 7.9 7.4 0.5 S
8.0 2 7.7 7.5 0.2 S
9.0 2 7.5 6.8 0.7 S
10.0 2 7.4 7.1 0.3 S
11.0 2 7.6 7.5 0.1 S
12.0 4 7.9 7.2 0.7 S
13.0 4 7.9 7.2 0.7 S
14.0 4 7.9 7.0 0.9 S
15.0 4 7.9 6.9 1.0 S
Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
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Location | Dept Unit Field Screening Tests sPOCAS Test
h Natural | Oxidised pPHE. Effervescence Spos0 Stpa%0
(m) pHe PHeox PHEeox
Bore 204 1 0.5 7.3 6.2 1.1 S
1 1.0 7.4 6.2 1.2 S
1 15 7.4 6.5 0.9 S
1 2.0 7.4 6.2 1.2 S
1 2.5 7.4 6.1 1.3 S
1 3.0 7.3 6.1 1.2 S
1 4.0 7.2 6.1 1.1 S
1 5.0 7.9 7.9 0.0 S
2 6.0 7.9 7.1 0.8 S
2 7.0 8.2 7.3 0.9 S
2 8.0 8.2 7.7 0.5 S
2 10.0 6.3 6.4 -0.1 S
4 11.0 6.2 6.4 -0.2 S
4 12.0 6.5 6.4 0.1 S
4 13.0 6.6 6.5 0.1 S
4 14.0 7.7 6.5 1.2 M 0.89 0.47
5 15.0 7.8 6.5 1.3 \
Processed Sand Stockpiles
GS1 0.029
(13/10.03)
GS2 0.025
(13/10/03)
GS1 0.022
(17/08/04)
GS2 0.028
(17/08/04)
GS 0.009
(13/12/04)

Note: Bold indicates positive indicator S = Slight

8. COMMENTS

8.1

Proposed Development

M = Moderate V = Vigorous

Cleary Bros (Bombo) Pty Ltd are seeking approval from the Minister for Planning to extract the

sand resource from the Northern Extension Area, which extends some 800 - 900 m northeast of

the existing dredge pond area, over a period of about 15 years. The approximate outline of the

area is given on Drawing 1.
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It is expected that an excavation face ranging from 80 m to 160 m wide will be progressively
moved northward from the current dredge pond and that excavation depths of up to 17 m will
potentially be developed to recover materials from Units 1, 2 and 4 within the area shown on
Drawings 1 and 2. The closest approach of the extraction area to the main canal will be 40 m
and there will be a buffer, some 25 m wide, will be provided for screening bunds between the
extraction area and road reserve (Gerroa Road). It is understood that the existing processing
area at the western edge of the current dredge pond will also be used for the proposed

extraction operations.

8.2 Geological Model of Resource

The geological model for Northern Extension Area resource, as summarised in Drawings 2 and
3, comprises an upper, very fine to fine grained dune sand (Unit 1) underlain by generally
medium to coarse grained sands of beach and tidal inlet deposits (Units 2 and 4). Clayey
materials (Unit 3 and possibly the upper section of Unit5) of lagoonal or back swamp
depositional mode, which are likely to include sulphidic materials, form semi-continuous lenses
to 3 m thick within the south-western section of the area, but are discontinuous and generally
less than 1 m thick in the remaining sections. The area is characterised by a groundwater table

that ranges between a base level of RL 0.95 and RL 2.2 in response to rainfall.

The resource is partially affected by the presence of potential acid soils, mostly within the
deeper sections of Unit 4 which may include pyritic materials eroded from the underlying Unit 5
during the marine transgression leading to the current sea level. The positive indicators PASS
within Unit 1 are considered to be anomalous to the aeolian deposition mode and may result
from clayey particles blown from the Foys Swamp area, which is recorded on acid sulphate risk

maps as being of high probability of acid sulphate soil conditions.

Materials from Units 1, 2 and 4 form the recoverable resource. The processing of the very fine
to fine grained sands of Unit 1 with the underlying Units 2 and 4 sands, which extend to depths
of 17 m, is expected (on the basis of the satisfactory performance of the Gerroa Sand Quarry)
to produce fine concrete aggregate and reduce pyritic materials to acceptable levels by

appropriate processing.
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8.3 Acid Sulphate Soil Risk

The previous sand extraction within Units 1 and 2 has been satisfactorily managed the risk of
acid generation and heavy metal release associated with the acid sulphate soils and the
continued extraction of these units should also be expected to result in a satisfactory outcome.
However, as a consequence of the exceedance of the Action Criteria in some Unit 1 materials
(although considered to be anomalous results) and in some Unit 2 and Unit 4 samples, together
with the significant volume of the proposed excavation, a detailed Acid Sulphate Soll
Management Plan (ASSMP) is required. Planning and management options should therefore
assume that, unless otherwise indicated by site-specific testing before or during excavation, all
materials of estuarine origin (Units 2, 3 and 4) and the site in general need to be tested and/or
monitored. The excavated Unit 4 materials of acid sulphate soil risk may require specific
processing such as sluicing or hydrocycloning, the extent of which will need to be determined

during the on-going extraction operation.

It is considered that an appropriate ASSMP should include:

e continuation of the current surface, groundwater and dredge pond water quality monitoring

prior to, during and subsequent to the extraction process.

e installation of additional monitoring bores in the buffers between of the proposed extension
area and the main canal and Gerroa Road, together with an additional monitoring bore to

the north of the proposed extension area.

e additional testing of the acid sulphate soil potential to supplement the results of this
investigation. This testing should be progressively carried out to permit selection of the final
extraction areas and relevant treatment methods for the individual sections and/or units to

be extracted within the resource.

e on-going monitoring of the feed stock and processed materials including reject slimes during

the extraction.

e controlled placement of reject materials, including sulphidic fines and the oversize shell
component from the processing (to assist in pH buffering) within the basal section of the

dredge pond. The burial of these materials with non-sulphidic material may be appropriate.
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¢ the holding on site of suitable quantities of buffering materials for addition to the dredge

pond if modification of the pH is required on the basis of the on-going testing.

8.4 Plant Operation and Excavation Stability

The sand resource includes two distinct excavation environments; up to 4 m of very loose to
very dense, very fine grained and fine grained sand and silty sand (Unit 1) lying above the water
table and up to 13 m of fine grained sand (remainder of Unit 1) and medium dense to very
dense, medium to coarse grained sand (Units 2 and 4). In general, an average lower-bound

friction angle of about 30° is considered appropriate to the intersected sand profile.

The excavation of the profile above the water table would probably be stripped of topsoil and
root affected sand (totalling an average of about 0.5 m in the current bores) by dozer operation,
with the subsequent winning of materials by an excavator loading into trucks. Once the
groundwater level is approached, it is anticipated that access difficulties would result in the use
of the dredge system currently in use within the Gerroa Sand Quarry. Where the removal of the
clays of Unit 3 to provide access to the underlying sand (Unit 4) is economic, it is probable that
the soft to stiff clay would require the use of a cutter-suction type dredge, possibly with the
assistance of a long-reach excavator mounted on a barge or working from the head of the

excavation.

Observation of the working method within the Gerroa Sand Quarry and review of survey

sections through the dredge pond area indicates that:

e water removed from the pond during dredging is returned almost directly to the pond via
run-off from the discharge/processing area or via rapid infiltration of the sand profile about

the working area.

¢ the working method does not lead to the extraction and disposal of the groundwater from
the site. Rather, the pond water is recycled rapidly during the sand extraction process with
possible minor additional evaporation. The records of the dredge pond pH indicates that
while pyritic material is present within the sand resource, the exposure time during
extraction, processing and stockpiling, is insufficient to cause complete oxidation and

increase in the water acidity in comparison with the pH of the groundwater sampled from the

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006



(/)] Douglas Partners
Geotechnics - Environment - Groundwaler

Page 22 of 26

nearby monitoring bores. Alternatively, as suggested by the current testing, relatively
benign pH could signify generally low pyrite contents and a buffering of the system by

included shells.

The proposed extraction of the sand resource will need to considered the long-term stability of
the dredge pond, such that there is no migration of the batters of the completed pond outside of
the nominated resource and to this end, it is suggested that an average excavation slope of not
greater than 25° (about 2.1H:1V) be employed.

It is anticipated that the stripped organics affected topsoil or silty sand and reject (slimes and
larger shell fragments) materials will be placed into the completed dredged area. Suggested
design criteria for the restored dredge pond (considered to be equivalent of a sheltered basin

structure) are:
e a6H:1V batter for required beach zones in accordance with current development conditions.

e a 2H:1V to 3H:1V maximum batter where re-vegetation and maintenance is required above

the beach zone.

e an underwater maximum batter of 4H:1V at depths greater than 1 m below extreme low

water level.

If sulphidic slimes won from processing are to be deposited in the base of the completed dredge
pond, consideration will need to be given to any requirement for capping of these materials to

promote or maintain an anaerobic deposition environment.

8.5 Groundwater Issues

The current EPA Licence and Development Consent require:
e a monitoring of discharged water at the overflow pipe from the dredge pond.

e monitoring of groundwater levels and water quality in the monitoring bores in and around the

quarry and in the dredge pond, monthly and following any periods of extreme wet weather.
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e water quality testing including, as a minimum, conductivity (a measure of total dissolved
solids) plus pH and in the event that acid sulphate material is detected the possible

requirement for monitoring of additional water quality parameters.

¢ flood bunding to RL 3.2.

Crooked River system, including Blue Angle Creek, is an uncontrolled lowland river for which
relevant River Flow Objectives (RFO) and Water Quality Objectives (WQO) are:

total phosphorus <25 pg/L

e total nitrogen <350 pg/L

e turbidity 6 — 50 NTU

e salinity 125 - 2200 nS/cm

e dissolved oxygen 85 — 110% saturation

e pH6.5-8.5.

Applicable target water criteria (after ANZECC 2000 or NSW Clean Waters Regulations 1972
where no ANZECC Guidelines are available) are for surface discharge or for potential
subsurface migration of water from the existing or proposed dredge pond to the groundwater or

the adjacent “fresh” water drainage canal system.

e pH between 6.5 and 9.0

¢ Dissolved oxygen (DO) > 6 mg/L (>80 — 90% saturation)
e Total dissolved solids (TDS) <1500 mg/L

e Total suspended solids (TSS) <50 mg/L

¢ Fe (total) <0.5 mg/L and Al (total) <0.055 mg/L for pH >6.5.

The available chemical test results for surface and groundwater (see Appendix E) for the period
2004 and 2005 indicates that the water within the current dredge pond satisfied all ANZECC
criteria with the exception of the Fe (total) value (which is expected to be naturally elevated in
the geological environment including acid sulphate materials and weathering of pyritic iron

which forms an accessory mineral of the underlying bedrock of the Berry Formation). The
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dredge pond water is generally of higher quality than the up-gradient groundwater and surface
water in adjacent waterways that pass through the back dune AASS and PASS deposits of Foys
Swamp and discharge to Blue Angle Creek. During the period, the dredge pond water also met

the WQO criteria for total phosphorus.

The monitoring results of the dredge pond since 1993 indicate that the pH of stored water was
less than the NSW Clean Waters Regulation value of 6.5 only during the wettest year (1998).
The lowest value (pH 6.0), which is within the ANZECC 2000 range for surface water, is
assessed as resulting from flushing of acids generated by the oxidation of ASS. All electrical
conductivity values for the dredge pond are within the ANZECC 2000 and WQO guidelines

ranges.

The available chemical test results indicates that the extraction and processing of the sand from
the proposed Northern Extension Area should not result in the pH and TDS guideline values
given above being exceeded. As discharge of surface water (of higher quality than the
receiving stream) from the bunded, inwardly drained site is not expected (no use of the
discharge channel to date) and the groundwater gradient between the proposed dredge pond
and the main drainage canal will be slight, there is minimal risk of the proposed development

adversely affecting the quality of water in Blue Angle Creek.

The minimum groundwater level (RL 0.95) observed in the dredge pond to date represents a
base level related to the tidal water levels in the adjacent tidal section of Blue Angle Creek and
the main drainage canal. Consequently, the extraction of the sand from the Northern Extension
Area should not result in drawdown of the groundwater table below the previously observed

minimum level.

8.6 Resource Estimate

The following estimates (Table 4) of sand resource within the limits of the proposed Northern

Extension Area as shown on Drawing 1 have been determined on the basis of:

¢ the stratigraphic profile interpreted from the current and past investigation data (Drawings 2
and 3).

Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673
Gerroa and Beach Roads, Gerroa June 2006



(/)] Douglas Partners

Geotechnics - Environment - Groundwaler

Page 25 of 26

cross-sectional areas through the various units taken at 100 m intervals along the length of
the proposed extraction area with the volumes being determined by average end-area

methods.
an excavation batter of 2.1H:1V both above and below the dredge pond level.
a stripping depth of 0.5 m.

limiting the suction dredging of the resource to above Unit 3 where this is present and

greater than 1 m thick (about mid-distance between Sections F — F' and G — G’ (Drawing 3).
alternatively, removing the clay Unit 3 layer to a maximum of 2 m thickness.

the assumption that all acid sulphate materials can be successfully processed for the

intended final use and that environmental constraints can be managed.

Table 4 — Summary of Resource Estimate

Excavation Alternative Volume of Sand Insitu Volume of Unit 3 Removed
(m’) (m’)
Unit 3 Excavated <1 m thick 661 400 3500
Unit 3 Excavated <2 m thick 677 500 25 700

9. SUMMARY

From consideration of the available data, site records and inspection and investigation, it is our

opinion that:

the proposed Northern Extension Area includes an estimated 661 400m® of sand expected
to be recoverable using a combination of the suction dredge (as current) and long-reach
excavator operations in areas where included clay bands/lenses (Unit 3) are less than 1 m
thick.

the recovery of an additional 16 100 m® of sand from the lowest sand unit (Unit 4) within the
southern third of the area would require the removal of an additional (approximately)

22 200 m*® of clay (Unit 3) where the unit is between 1 m and 2 m thick.
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e the proposed extraction within the Northern Extension Area sand resource will not result in
variation in the range of groundwater levels or pH that have been previously experienced in

the current dredge pond or adjacent water monitoring bores.

e appropriate engineering design can provide long-term stability of the dredge pond adjacent

to adjacent forested areas and the easement of Gerroa Road.

¢ the final water body will not affect the overall commercial use of the aquifer. Average direct
rainfall to the pond may be excess of the estimated yearly evaporation from the pond
surface, the pH range (moderately acidic to strongly alkaline) is within the natural range of

the groundwater and the down gradient landuse is restricted to National Park activities.

e surface water release or groundwater movement from the proposed dredge pond is not
expected to result in deterioration (or improvement) of the quality of the water in Blue Angle
Creek. The installation and sampling of new monitoring bores, together with the continued
sampling and testing of existing groundwater and surface water sampling sites, will provide

on-going auditing of any effects of the extraction process.

e potential acid sulphate soil conditions exist within the sand resource and are locally exceed
the action criteria. Similar conditions probably also in the included Unit 3 clays and some

sections of the Unit 5 clays forming the base level of the deposit.

e as a consequence of the exceedances of the action criteria, an acid sulphate soil
management plan will be required. However, the available data on groundwater indicators
are not strongly indicative of actual sulphate soil conditions nor does the dredge pond
monitoring indicate that the extraction process within Units 1 and 2 is resulting in oxidation

of significant amounts of pyritic material.

DOUGLAS PARTNERS PTY LTD

Reviewed by
G R Wilson Dr T J Wiesner
Principal Principal
Geotechnical Assessment — Proposed Northern Extension of Gerroa Sand Quarry Project 37673

Gerroa and Beach Roads, Gerroa June 2006



APPENDIX A
Notes Relating to this Report
Results of Field Work




(/)] Douglas Partners

Geotechnics - Environment - Groundwater
NOTES RELATING TO THIS REPORT

Introduction

These notes have been provided to amplify the
geotechnical report in regard to classification methods,
specialist field procedures and certain matters relating to
the Discussion and Comments section. Not all, of course,
are necessarily relevant to all reports.

Geotechnical reports are based on information gained
from limited subsurface test boring and sampling,
supplemented by knowledge of local geology and
experience. For this reason, they must be regarded as
interpretive rather than factual documents, limited to
some extent by the scope of information on which they
rely.

Description and Classification Methods

The methods of description and classification of soils
and rocks used in this report are based on Australian
Standard 1726, Geotechnical Site Investigations Code.
In general, descriptions cover the following properties -
strength or density, colour, structure, soil or rock type and
inclusions.

Soil types are described according to the
predominating particle size, qualified by the grading of
other particles present (eg. sandy clay) on the following
bases:

Soil Classification Particle Size
Clay less than 0.002 mm
Silt 0.002 to 0.06 mm
Sand 0.06 to 2.00 mm
Gravel 2.00 to 60.00 mm

Cohesive soils are classified on the basis of strength
either by laboratory testing or engineering examination.
The strength terms are defined as follows.

Undrained

Classification Shear Strength kPa

Very soft less than 12

Soft 12—25

Firm 25—50

Stiff 50—100

Very stiff 100—200

Hard Greater than 200

Non-cohesive soils are classified on the basis of
relative density, generally from the results of standard
penetration tests (SPT) or Dutch cone penetrometer tests
(CPT) as below:

SPT CPT
Relative Density “N” Value Cone Value

(blows/300 mm) (g — MPa)
Very loose less than 5 less than 2
Loose 5—10 2—5
Medium dense 10—30 5—15
Dense 30—50 15—25

Very dense greater than 50 greater than 25

Rock types are classified by their geological names.
Where relevant, further information regarding rock
classification is given on the following sheet.

Sampling

Sampling is carried out during driling to allow
engineering examination (and laboratory testing where
required) of the soil or rock.

Disturbed samples taken during driling provide
information on colour, type, inclusions and, depending
upon the degree of disturbance, some information on
strength and structure.

Undisturbed samples are taken by pushing a thin-
walled sample tube into the soil and withdrawing with a
sample of the soil in a relatively undisturbed state. Such
samples vyield information on structure and strength, and
are necessary for laboratory determination of shear
strength and compressibility. Undisturbed sampling is
generally effective only in cohesive soils.

Details of the type and method of sampling are given in
the report.

Drilling Methods.

The following is a brief summary of driling methods
currently adopted by the Company and some comments
on their use and application.

Test Pits — these are excavated with a backhoe or a
tracked excavator, allowing close examination of the
in-situ soils if it is safe to descent into the pit. The depth
of penetration is limited to about 3 m for a backhoe and
up to 6 m for an excavator. A potential disadvantage is
the disturbance caused by the excavation.

Large Diameter Auger (eg. Pengo) — the hole is
advanced by a rotating plate or short spiral auger,
generally 300 mm or larger in diameter. The cuttings are
returned to the surface at intervals (generally of not more
than 0.5 m) and are disturbed but usually unchanged in
moisture content. Identification of soil strata is generally
much more reliable than with continuous spiral flight
augers, and is usually supplemented by occasional
undisturbed tube sampling.

Continuous Sample Drilling — the hole is advanced
by pushing a 100 mm diameter socket into the ground
and withdrawing it at intervals to extrude the sample.
This is the most reliable method of drilling in soils, since
moisture content is unchanged and soil structure,
strength, etc. is only marginally affected.

Continuous Spiral Flight Augers — the hole is
advanced using 90—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow
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sampling or in-situ testing. This is a relatively economical
means of drilling in clays and in sands above the water
table. Samples are returned to the surface, or may be
collected after withdrawal of the auger flights, but they are
very disturbed and may be contaminated. Information
from the drilling (as distinct from specific sampling by
SPTs or undisturbed samples) is of relatively lower
reliability, due to remoulding, contamination or softening
of samples by ground water.

Non-core Rotary Drilling — the hole is advanced by a
rotary bit, with water being pumped down the drill rods
and returned up the annulus, carrying the drill cuttings.
Only major changes in stratification can be determined
from the cuttings, together with some information from
‘feel’ and rate of penetration.

Rotary Mud Drilling — similar to rotary drilling, but using
drilling mud as a circulating fluid. The mud tends to mask
the cuttings and reliable identification is again only
possible from separate intact sampling (eg. from SPT).

Continuous Core Drilling — a continuous core sample
is obtained using a diamond-tipped core barrel, usually
50 mm internal diameter. Provided full core recovery is
achieved (which is not always possible in very weak
rocks and granular soils), this technique provides a very
reliable (but relatively expensive) method of investigation.

Standard Penetration Tests

Standard penetration tests (abbreviated as SPT) are
used mainly in non-cohesive soils, but occasionally also
in cohesive soils as a means of determining density or
strength and also of obtaining a relatively undisturbed
sample. The test procedure is described in Australian
Standard 1289, “Methods of Testing Soils for Engineering
Purposes” — Test 6.3.1.

The test is carried out in a borehole by driving a 50 mm
diameter split sample tube under the impact of a 63 kg
hammer with a free fall of 760 mm. It is normal for the
tube to be driven in three successive 150 mm increments
and the ‘N’ value is taken as the number of blows for the
last 300 mm. In dense sands, very hard clays or weak
rock, the full 450 mm penetration may not be practicable
and the test is discontinued.

The test results are reported in the following form.

e In the case where full penetration is obtained with
successive blow counts for each 150 mm of say 4, 6
and 7

as 4,6,7
N=13

¢ In the case where the test is discontinued short of full
penetration, say after 15 blows for the first 150 mm and
30 blows for the next 40 mm

as 15, 30/40 mm.
The results of the tests can be related empirically to the
engineering properties of the soil.
Occasionally, the test method is used to obtain

samples in 50 mm diameter thin walled sample tubes in
clays. In such circumstances, the test results are shown
on the borelogs in brackets.

Cone Penetrometer Testing and Interpretation

Cone penetrometer testing (sometimes referred to as
Dutch cone — abbreviated as CPT) described in this
report has been carried out using an electrical friction
cone penetrometer. The test is described in Australian
Standard 1289, Test 6.4.1.

In the tests, a 35 mm diameter rod with a cone-tipped
end is pushed continuously into the soil, the reaction
being provided by a specially designed truck or rig which
is fitted with an hydraulic ram system. Measurements are
made of the end bearing resistance on the cone and the
friction resistance on a separate 130 mm long sleeve,
immediately behind the cone. Transducers in the tip of
the assembly are connected by electrical wires passing
through the centre of the push rods to an amplifier and
recorder unit mounted on the control truck.

As penetration occurs (at a rate of approximately
20 mm per second) the information is plotted on a
computer screen and at the end of the test is stored on
the computer for later plotting of the results.

The information provided on the plotted results
comprises: —
e Cone resistance — the actual end bearing force

divided by the cross sectional area of the cone —

expressed in MPa.

e Sleeve friction — the frictional force on the sleeve
divided by the surface area — expressed in kPa.

e Friction ratio — the ratio of sleeve friction to cone
resistance, expressed in percent.

There are two scales available for measurement of
cone resistance. The lower scale (0—5 MPa) is used in
very soft soils where increased sensitivity is required and
is shown in the graphs as a dotted line. The main scale
(0—50 MPa) is less sensitive and is shown as a full line.

The ratios of the sleeve friction to cone resistance will
vary with the type of soil encountered, with higher relative
friction in clays than in sands. Friction ratios of 1%—2%
are commonly encountered in sands and very soft clays
rising to 4%—10% in stiff clays.

In sands, the relationship between cone resistance and
SPT value is commonly in the range:—

g. (MPa) = (0.4 to 0.6) N (blows per 300 mm)

In clays, the relationship between undrained shear
strength and cone resistance is commonly in the range:—

de = (1210 18) ¢,

Interpretation of CPT values can also be made to allow
estimation of modulus or compressibility values to allow
calculation of foundation settlements.

Inferred stratification as shown on the attached reports
is assessed from the cone and friction traces and from
experience and information from nearby boreholes, etc.
This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test method provides a continuous profile of
engineering properties, and where precise information on
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soil classification is required, direct drilling and sampling
may be preferable.

Hand Penetrometers

Hand penetrometer tests are carried out by driving a
rod into the ground with a falling weight hammer and
measuring the blows for successive 150 mm increments
of penetration. Normally, there is a depth limitation of
1.2 m but this may be extended in certain conditions by
the use of extension rods.

Two relatively similar tests are used.

e Perth sand penetrometer — a 16 mm diameter flat-
ended rod is driven with a 9 kg hammer, dropping
600 mm (AS 1289, Test6.3.3). This test was
developed for testing the density of sands (originating
in Perth) and is mainly used in granular soils and filling.

e Cone penetrometer (sometimes known as the Scala
Penetrometer) — a 16 mm rod with a 20 mm diameter
cone end is driven with a 9kg hammer dropping
510 mm (AS 1289, Test 6.3.2). The test was
developed initialy  for  pavement  subgrade
investigations, and published correlations of the test
results with California bearing ratio have been
published by various Road Authorities.

Laboratory Testing

Laboratory testing is carried out in accordance with
Australian Standard 1289 “Methods of Testing Soil for
Engineering Purposes”. Details of the test procedure
used are given on the individual report forms.

Bore Logs

The bore logs presented herein are an engineering
and/or geological interpretation of the subsurface
conditions, and their reliability will depend to some extent
on frequency of sampling and the method of drilling.
Ideally, continuous undisturbed sampling or core drilling
will provide the most reliable assessment, but this is not
always practicable, or possible to justify on economic
grounds. In any case, the boreholes represent only a
very small sample of the total subsurface profile.

Interpretation of the information and its application to
design and construction should therefore take into
account the spacing of boreholes, the frequency of
sampling and the possibility of other than ‘straight line’
variations between the boreholes.

Ground Water

Where ground water levels are measured in boreholes,
there are several potential problems;

e In low permeability soils, ground water although
present, may enter the hole slowly or perhaps not at all
during the time it is left open.

o A localised perched water table may lead to an
erroneous indication of the true water table.

e Water table levels will vary from time to time with
seasons or recent weather changes. They may not be
the same at the time of construction as are indicated in
the report.

e The use of water or mud as a drilling fluid will mask any
ground water inflow. Water has to be blown out of the
hole and drilling mud must first be washed out of the
hole if water observations are to be made.

More reliable measurements can be made by installing
standpipes which are read at intervals over several days,
or perhaps weeks for low permeability soils.
Piezometers, sealed in a particular stratum, may be
advisable in low permeability soils or where there may be
interference from a perched water table.

Engineering Reports

Engineering reports are prepared by qualified
personnel and are based on the information obtained and
on current engineering standards of interpretation and
analysis. Where the report has been prepared for a
specific design proposal (eg. a three storey building), the
information and interpretation may not be relevant if the
design proposal is changed (eg. to a twenty storey
building). If this happens, the Company will be pleased to
review the report and the sufficiency of the investigation
work.

Every care is taken with the report as it relates to
interpretation of subsurface condition, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the

Company cannot always anticipate or assume
responsibility for:
e unexpected variations in ground conditions — the

potential for this will depend partly on bore spacing and
sampling frequency
e changes in policy or interpretation of policy by statutory
authorities
e the actions of contractors responding to commercial
pressures.
If these occur, the Company will be pleased to assist
with investigation or advice to resolve the matter.

Site Anomalies

In the event that conditions encountered on site during
construction appear to vary from those which were
expected from the information contained in the report, the
Company requests that it immediately be notified. Most
problems are much more readily resolved when conditions
are exposed than at some later stage, well after the
event.

Reproduction of Information for
Contractual Purposes

Attention is drawn to the document “Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institution of Engineers,
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Australia. Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available. In
circumstances where the discussion or comments section
is not relevant to the contractual situation, it may be
appropriate to prepare a specially edited document. The
Company would be pleased to assist in this regard and/or
to make additional report copies available for contract
purposes at a nominal charge.

Site Inspection

The Company will always be pleased to provide
engineering inspection services for geotechnical aspects
of work to which this report is related. This could range
from a site visit to confirm that conditions exposed are as
expected, to full time engineering presence on site.

Copyright © 1998 Douglas Partners Pty Ltd
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‘The Dutch cone penetrometer test (CPT) is increasing in importance as a means of supp.’eménting
or replacing conventional borehole drilling and sampling. These notes describe current techniques
and equipment, and illustrate some of the methods of interpretation of test results.

GENERAL PRINCIPLES

The coné penetrometer test, devetoped initially in Holland, is
now standardised throughout the world as a method of site
investigation, predominantly used in aliuvial soils.

The test utilises a 35mm dia. cone with a following friction
sleeve which is pushed into the sail by hydraulic thrust. Push
rods, of the same diameter, are added at 1m intervals and
penetration to depths of 30 - 50m canbe achieved if conditions
are suitable.

Measurements are made of the resistance to penetration of
both the cone and the friction sleeve and are expressed in

terms of end bearing pressure on the cone and average shaft
friction on the sleeve (in MPa and kPa, respectively). The ratio
between the frictional resistance and the cone resistance (fric-
tionratio)is generally low in sands and high in clays, thus provid-
ingan interpretive method of determining soil stratification. The
cone resistance value provides a continuous measure of scil
strength or density.

The test procedure is covered by Ausiralian Standard AS 1289
(“Testing Soils for Engineering Purposes”y — Section F5.




METHOD OF OPERATION

Up untilthe early 80's, “mechanical” equipment was used, with
central push rods to actuate the cone, with forces and
measured by pressure gauges in surface mounted hydraulic
cylinders.

Today's equipment utilises electronic methods with:

& strain gauges in the cone and friction steeve, connected by
wiring through the push rods to the surface

® g site monitor and computer to capture the data — results
are displayed an a screen

e replay of results on an office plotter

@ an inclinometer in the cone to measure deviations from
vertical.

Testing is preferably carried out from a purpose designed
ballasted truck-mounted unit, with sufficient thrust capacity to
ensure penetration of dense layers. A unit with about 15 tonnes
thrust is normally adequate for most situations.

Testing may also be carried out from the feed system of drili rigs,
but unless special anchoeringis undertaken, the available thrust
capacity of 2 - 3 tonnes is not sufficient to penetrate dense
sand layers or extensive zones of stiff clays.

The 35mm cone and friction sleeve are attached to push rods
of the same diameter and pushed into the soif by a hydraulic
ram. New rods, through which the electrical data cable has
been pre-threaded, are added after each 1m of penetration.
The rate of penetration is set at 20mm/second and strain
gauge signals are sampled by the surface monitor at 20mm
intervats. Digital resuits for cone resistance, shaft adhesion and
friction ratio are displayed on the screen of the on-site com-
puter and on compietion of each test, the operator can view a
graph of the results. These are stored on a floppy disk for later
office replay on a plotter.

ADVANTAGES AND APPLICATIONS

Advantages of the cone penetrometer test in engineering site
investigations are:

s reliable information, not subject to operater techniques and
with minimal need for on-site supervision

® continuous {rather than intermitten) measure of density
or strength

® exiensive data available from previous experience for
analysis and interpretation of results

® immediate charting of results

@ high output — 80 to 120m per day

* jow cost technique, less than alternative borehole drilling,
sampling and in-situ testing

® accurate measurement of stratification depths and record-
ing of thin layers, often missed in borehole investigations.

The test system is most suited for alluvial soils and depths of up
to 30 - 50m are possible, depending on ground conditions.

The test is not suitable in very gravelly soils or residuat soils
which may contain fragments or weak rock zones which
impede or deflect the cone. '

On sites containing rubble or rock filling, initiat assistance may
be required from a drifling rig to penetraie the surface.

- The information obtained from the test can be used for design

of shallow foundations, pile systems and retaining structures
and the estimation of settlements of compressible soils.

CONDUCTIVITY MEASUREMENTS
FOR GROUNDWATER

Cone technology can be used also in groundwater inves-
tigations. The conductivity cone can measure variations in soil
conductivity with depth, making it an ideal tool in the investiga-
tion of saline groundwater or pollutant plumes.

COMPANY
FACILITIES

Company inhouse facilities for cone

penetrometer testing include:

e cones and monitor units with
automnatic capture of resuits

¢ incorporation of an inclinometer
in the cones to ensure verticality

e fruck-mounted, ballasted, custom-
designed deployment units
attached 10 Sydney and Brisbane
offices

e trajler mounted rigandlight hand
operated equipment for con-

fined areas

® heavy-duty drilling rig with a
separate jacking frame in the
centre of the unit to allow high
capacity testing

e conductivity cone for ground-
water investigations.

| These facilities are continually being
upgraded to keep abreast of tech-
-nology improvements.




INTERPRETATION
OF RESULTS

A greatdeal of research and investigation hasbeen carried out
to correlate the resuits of CPT's with other physical soil
properties.

DETERMINATION OF SOIL TYPE

The ratio of sleeve friction to cone resistance (friction ratio —

expressed as %) is used as an indication of the soil type being -

probed. In sands, friction ratios are generally jow and of the
order of 1~ 2%. In clays (with much higher shaft friction), the
ratio may range up to 6 - B%.

A chart which allows assessment of soil type is given below:
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With the -abave, the cone-friction sleeve results allow an
accurate asgessment of layer thickness (stratigraphy) within a
profile. The test method wili provide a very much more
accurate delineation of layers than is possible with conven-
tional drifling and sampling, where information is only obtained

intermittently. The cone test will frequently pick up thin layers

which may be unnoticed in a conventional borehole in-
vestigation.

DETERMINATION OF SOIL STRENGTH

Soil strength is usually determined from the cone resistance

values. The normally accepted relationship for clays, linking

undrained shear strength with cone resistance is:

cy = (ac —o)/k
where g = cone resistance

¢y = undrained cohesion
c = effective stress
k =12-15

For sands, there are a number of methods of linking cone resis-
tance values with friction angle {¢). Interpretation must
normally take into account the overburden pressure, but as a
guide, for a depth of around 5m. the following is an ap-
praximate corrslation:

gc (MPa) 1 4 12 30
¢ (degrees} 28 32 36 40

CORRELATION WITH SPT VALUES

There have been many measurements to correlate standard
penetration test values with CPT's. For medium to coarse
sands, the correlation is:

qo (MPa) = (0.4 to 0.8)N (blows per 300mmy)
For fine sands, the multiplier is 0.3 1o 0.45.

MODULUS AND DEFORMATION VALUES

Fublished correlations linking cone resistance and modulus or
compressibility values indicate a relatively wide range of
values. This is probably due to inherent soil variability, time
effects and the fact that modulus in any case is not uniquely
dependent on strength or density.

For clays, the published correlations are mainly in the range
E = (3 to 7)q¢ (E = Young's modulus). Values of the multiplier of
around 3 - 5 are probably most appropriate for soft, normally
consolidated clays, with values of 5 - 7 for stiffer and slightly
over-consolidated clays. Values in excess of 10 may be
appropriate for heavily over-consolidated or residual clays.

For sands, published correlations are mainly in the range
E=(1.5105)qc, with values towards the upper end of the range
being appropriate in most circumstances.

FOUNDATION DESIGN

A number of methods are available which utiiise cone results
directly for the design of both shallow and deep foundations.

The cone is often considered as a model “pile” and for pile
design, corrections are needed for the scale effectand the fact
that static rather than “quasi static” bearing *capacity
is measured. More detailed information is given in the
references. '
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GRAVELLY SAND and

SAND: Very Dense

SANDY SILT; Logse to
— Medium Dense

SAND and SILTY SAND/ |

CLAY: Stiff io Very Stiff
- SAND: Medium Dense to

Dense

124

<

9.45
a7t

R 18 A i R

Depth
(m)
re

End at 15.00m o, =215

20-

REMARKS: HOLE COLLAPSE AT 4.2m
E 280217 N 1149810 {{5G) : £ 297326 N 6148968 (MGA)

"

Date r.,{ 4
4“'
Plotled

A
Checked % ConePlot Version 5.8,0

T @ 2003 Douglas Parlners Pty Ltd

File: DAS7673\CPT files\37673105.CP5
Cone ID: H3 Type: 2 Standard

15.04

F17

- 20

(/)] Douglas Partners
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CONE PENETRATION TEST

CLIENT: CLEARY BROS (BOMBO)PTY LTD

PROJECT No: 37673

PROJECT: PROPOSED NORTHERN EXTENSION |

LOCATION: GERROA & BEACH ROADS, GERROA

CPT 106

Page 1 of 1
DATE 9/12/04

SURFACERL: 6.8

Cone Resistance Sleeve Friction
qc (MPa) fg (kPa)
[I) 100 200

300 400 500
- |

s TS RSN

14

i

. il

Friction Ratio

Ry (%)
0 2 4 & 8 110
b H N
Soil Behavicur Type
SAND with scme GRAVELLY
SAND: Loose to Dense
- 378
SAND with some GRAVELLY
SAND: Dense to Very Dense
6.58

GRAVELLY SAND: Dense to
Very Dense

SAND: Medium Dense

SILTY CLAY: Very Stiff

N

1014

14.59 L

i

F1

L2

End at 15.00m

20-

REMARKS: BOLE COLLAPSE AT 4.3m
E 280158 N 1149886 {ISG) : E 297265 N 6148988 (MGA)

Date ‘r File: NAGEOTECHNICAL PROJECTSITE\ITETACPT files\37873106.CP5
Cone ID: H3 Type: 2 Standard
Ploited .ﬂﬂ'
ChBCkede_'-'b ConePlot Version 5.2.4
) © 2001 Douglas Partners Pty Ltd

15.0q

L20

{{)} Douglas Partners

Geotechnics - Environment - Groundwater



CLIENT: CLEARY BROS (BOMBO) PTY LTD

CONE PENETRATION TEST

PROJECT: PROPOSED MORTHERMN EXTENSION

LOGATION:  GERROA & BEACRK ROADS, GERROA

CPT 107

Page 1 of 1

DATE

8112404

PROJECT No: 37673

SURFACE RL: 4.1

Cone Resistance Sleeve Friction

Friction Ratio

qc (MPa) fs (kPa) R (%)
0 10 20 30 40 50 0 100 200 300 400 500 0 2 4 6 8 10
Cepth | L 1 I 1 | 1 i 1 1 1 3 Soil Behavi Tvoe e S A | Depth
r—--—-- 17T r=="=""" qTTr T r-—--=-" 1 Viour
Moo 1o 20 a0 so ® (':)
SAND and SILTY SAND: :
Loose to Medium Dense ’
1- 1
(>
2 - - 2
- 233
SAND with some GRAVELLY
SAND; Medium Dense to
39 Dense B re
4 - — 4
5 } ks
64 (\ re
71 - 6.91 L7
CLAY with some SILTY =
SAND / SANDY SILT: Firm-to ?
Siiff
8 311 I8
SAND with some SILTY
SAND: Medium Dense to
Very Dense
97 )
10+ 10
11 rm
12 — i b1z
CLAY Firm to Very Stff 2% ii
134 Z L13
141 - F14
ni
13 19504 —+ 15
16 3 : B 15
174 — — — 17
18- - 18
194 — — — -18
20 .20

REMARKS: HOLE COLLAPSE AT 1.85m
E 280057 N 1149734 (ISG} : E 297165 N 6149014 {MGA)

Date E File: NAGEOTECHNICAL PROJECTS\A76\37673\CPT files\37673107 CP5

Plotted : Cone ID; H3 Type: 2 Standard
o
Checked& ConePlot Version 524

3 © 2001 Douglas Partners Pty Ltd

; Dougias Pariners

Geolechnics - Environment! - Groundwater




CONE PENETRATION TEST

GLIENT: CLEARY BROS (BOMBO) PTY LTD

PROJECT: PROPOSED NORTHERN EXTENSION

LOCATION:  GEROA & BEACH ROADS, GERROA

PROJECT No: 37673

CPT 108

Page 1 of 1
DATE 9/12/04

SURFACERL: 6.3

Friction Ratia
Ry (%)

0 2 4 6 8
Y B

10
S

40.5§

12.99

|
|
|
|
|
|
i
[
%
|
]
\

Cone Resistance Sleeve Fricticn
gc (MPa) fs (kPa)
0 10 20 30 40 50 0 100 200 300 400 500
Depth 1 ! i 1 : | L. | 1 : 1 : . X
(m) Soil Behaviour Type
0o
SAND with some GRAVELLY
SAND: Loose to Dense
11 Y
2 f
3 }
4 f
SAND with some GRAVELLY
SAND: Medium Dense to
54 Very Dense
Cj I
7] B
.-——m—-“"‘P o=
P <<,
<3=_.
8 =\ ﬁ GRAVELLY SAND: Dense to
s— e Very Dense
Ccf::w ”’“g%’.
9- P
" =
10 { < = —
M’”_’“;-—“_._ i S—
[ I——.
< <] SAND: Medium Dense to
14 :/ P Dense
A 5
_,3
>
" F’_ PR i e pE P R | CLAY with some SILTY
f CLAY / CLAYEY SILT: Firm
1 {4 to Very Stiff
5 End at 15.00m Q=10
16-
17
18
18
204
REMARKS: HOLE COLLAPSE AT 4.3m
E 2800865 N 1149606 ({SG) : E 297175 N 6148866
Date D‘{ : File: NAGEOTECHNICAL PROJECTS\376\37671\CPT files\37673108.CP5
Plotted ?'/ Cone |D: H3 Type: 2 Standard
3
a2
Checked (P4 ConePlot Version 52.4
v © 2001 Douglas Partners Ply Lid

Depth
{m)

-20

Dougias Pariners

Geotechnics - Envirenment - Groundwater



CONE PENETRATION TEST

CLIENT: CLEARY BROS (BOMBQ) PTY LTD

PROJECT:

LOCATION:

PROJECT No: 37673

PROPCSED NORTHERN EXTENSION

GERROA & BEACH ROADS, GERROA

CPT 109

Page 1 of 1
DATE 9/12/04

SURFACERL: 2.5

Cone Resistance

Sleeve Friction

gc (MPa) f5 (kPa)
Q 10 20 30 40 50 @ 100 200 300 400 500
Depth 1 1 1. 1 f Q | E— 1 ; 1 1
L S E s Rt Sl
(? a.0 1.0 2.0 3.0 4.0 5.0
1
2]
3] S
2]

br

4

=

Y

- @
I P e S U
5

AT ™

Sail Behaviour Type

Friction Ratio

R; (%)
o 2 4 5 8 10
: .

SAND with some GRAVELLY
SAND: Medium Dense to
Dense

CLAY with some SILTY
CLAY: Firm to Stiff

SAND: Medium Dense to
Dense

CLAY and SANDY SILT:
Firm to Stiff

CLAY with some SILTY
CLAY / CLAYEY SILT: Siiff to
Very Stiff

Endat 15.00m g.=24

20-

REMARKS: HOLE COLLAPSE AT 0.85m

E 279883 N 1148711 (ISG) : E 297001 N 6148987 (MGA)

I

Dale ) e
Plotted A
2 A
Checkedw

Cone ID: H3

ConePlaot Version 5.2.4

L ¥ ® 2001 Douglas Partners Pty Ltd

File: NAGEOTECHNICAL PROJECTS\376\37673\CPT files\37673109.CP5
Type: 2 Slandard

B AEX

l
[

10.8 E

—r

o

AN

b4

5

-18

=17

Lig

- 19

Lz0

/) ] Dougias Pariners

Geolechnics - Environment - Groundwaier




CONE PENETRATION TEST

CLIENT: CLEARY BRCS (BOMBO) PTY LTD

PROJECT:

LOCATION:

PRQOJECT No: 37673

PROPOSED NORTHERN EXTENSION

GERROA & BEACH ROADS, GERROA

CPT 110

Pagle 1 of 1
DATE 9/12/04

SURFACE RL: 2.4

Cone Resistance Sleeve Friction

Friction Ratio

qc (MPa) fs (kPa) Ry (%)
0 10 20 30 40 50 0 100 200 300 400 500 0 2 4 8 B8 10
Depth S M— B : 1 1 : ] . . L [ ! Depth
(rg? o' 10 20 30 4% 50 Soil Behaviour Type (m)
I EREEEE e SAND and GRAVELLY — ‘ r°
SAND: Medium Dense to
Very Dense
1 % 1
21 g ; | >
3 5 é ; I3
4 L4
5 ts
T
v
== CLAY with some SILTY T,
5 T CLAY: Soft to Firm ;’ "
N 7.3 = N
SAND with some SILTY ’
SAND:; Medium Dense to
81 Dense -8
N ;} to
10 10
! .
P SAND and STV SANDT | =
> SANDY SILT: Loose to f
11 Medium Dense i
L ”ﬂ%}
{”" CLAY: Firm to Siff '
124 e i -—] - 12
] i i
13 i 13
X {
1wl (\ 3 14
\ T —— CLAY: Stiff 1o Hard e 3
BT {End at 1b.00m de=7.1 15,00 15
18] — .. Lig
71 B - 17
184 ——] - 18
181 2 L 19
20/ ‘

REMARKS: HOLE COLLAPSE AT 1 am
E 279924 N 1149617 (ISG) : E 297034 N 6148894 (MGA)

File: NAGEOTECHNICAL PROJECTS\3761376873CPT files\37673110.CP5
Cone ID: H3 Type: 2 Standard

2.
Date %m

Plotted 9
. }
Checked é% ConePict Version 5.2.4
1 @ 2007 Douglas Pariners Pty Ltd

-20

€ ; ! Dougias Partners

Geotechnics - Environmeni - Groundwaler



CONE PEN ETRATION TEST PROJECT: PROPOSED NORTHERN EXTENSION CPT 1 1 1
Page 1of t
CLIENT: CLEARY BROS (BOMBO} PTY LTD N
LOCATION:  GERROA & BEACH ROADS, GERROA DATE -
PROJECT No: 37573 SURFACE RL: 1.2
Cone Resistance Sleeve Friction Friction Ratio
dc (MPa) fs (kPa) R (%}
Q 10 20 30 40 50 0 100 200 300 400 500 g 2 4 6 8B 10
Depih | i 1 | | ] L | | | | ] Soil Behaviour Tvbe ! Depth
| R r===-"""" 1Tttt r==-=""" 1
My 1o 20 38 40 50 P ()

“ T GRAVELLY SAND and °
SAND: Medium Dense to

\ 3 Very Dense
1 3 e i
2 / . - 183 \ L2
SAND with some SILTY
SAND / SANDY SILT: Loose
| to Medium Dense
3 - 4 - L3
g ‘ g f
54 Fs
\> . L
el T O e i 55|l
61 CLAY with some SILTY [
ii CLAY: Stiff 3
71§ 9 L7
8 /5 8
T
‘i f
9 | bzt S . : - = Lo
e o % SAND and SILTY SAND: )
;___3 5_’___} Loose to Medium Dense
1 CLAY with some SILTY 1o Y 10
Y CLAY: Stiff to Very Stiff

S 12

18] } _—
CLAY: Very St i
14 ( } L 14

AN

End at 15.00m ;= 3.0 15'ﬁ WY
16 F18
17 - 17
18 18
19 |19
204 - 20

REMARKS: HOLE COLLAPSE AT 0.7m
E 279646 N 1149509 (ISG) : E 206758 N 6142780 (MGA)

Date S Flle: DA3767ACPT files\37673111.CP5
Plotted ”) Cone 1D: H3 Type;: 2 Standard

94,0 -
Craces | pevasinsno {/) ] Dougias Pariners

©2003 Douglas Partrers Ply Lid - .
Geotechnics - Environment - Groundwaler




BOREHOLE LOG

CLIENT: Cleary Bros (Bombo) Pty Ltd SURFACE LEVEL: 4.5m BORE No: 201
PROJECT: Proposed Northern Extension EASTING: 280456 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149997 DATE: 20 Dec 04
DIP/AZIMUTH: 80°/-- SHEET 1 OF 2
- Degree of Rock F Discontinuiti Sampling & In Situ Testin
Description Weathering |2 Strength | Srar:.t_ure is uities pling itu g
& pacing 5
7 D(?ﬁ)th of 82 g:;‘: :E: :gigg (m) B-Bedding J-Jeint 2 |e¥i0. Test %es“”s
31: I P=7=3 - - Dri - <
Strata 53330¢° |p5E3BIESE 5 82 88 | S-Srew D-DwEek | ZISSET| oomrents
1 SILTY SAND - grey brown silty EEEE IR EERRRN =TT TT
L sand, rootlets, damp (topsoil) : : : : : 1 : : i : } : : H H
[ o5 ERRRRLIERERRRE N 1INt A
L | SILTY SAND - very loose, orange Frrrr v et [
3 brown silty sand, roctlets, damp RN || NEEEN R
[ I O I O R K N B A I [
o IIIII,l',l'lIIIII (N —
i NN NN (AR s 222
Frrrrftrrinrtd Py N=4
IIIII_I'.|'IIIIII || I
RN NN AT A
PEEerft e 0oy 1
III!I.;.|I|I!I1 bt
ts 20 [ T S I T I O [N P
| SAND - loose, pale orange brown Pt =<t N
fine grained sand, roollets, damp R RN L1141 5 ﬁig
IIIIl.'-'_-'_IIILIl [ N
IlIIl:.'_'-."IIIEIl [ B
[ I S I O R O A [
T O R I O I I I I [ I
i 0 T I PR I O I A [N
- medium dense sand, moisttowet | f 1 1L [ LT [N
S T O T T o T IO I [N s 33:-12
NN RN R N=19
PELLLES e |gl o —
(A S T O SO I I O I I [N N
il b1 rrrnd [N
LN T I I O O I A I I [N
4 ; I S A (N 1
- medium dense, orange grey fine S
{6 med hed sand, wet RN AN R 8,79
o mediim graine e SRR RE AR RE B I s N=16
L I S I S o I I I —
I T O T I e S I I IO I | (N
I I I I N O I O D [ I I [
PELL RS v
5 9 GRAVELLY SAND - dense, orange } i } : : e : : : : i : ! H H
grey coarse grained sand and RN ER RN TN 5 6,16,30
subrounded quartz, siltstone, RN O AR Lol N =48
gravel with shell fragments, R P I L
saturated ! O LELEd H
IIEII:O.'iIIIEI Foorb o4
I (I T O Chu I T IO O A Pl
[ IR AR i I S O O I Porb ot
L = 30 for 150mm,-,-
L [ T T 2 N T T O I I [ S o
- TRERE A RRRRRER N I ERY —] refusal
I IR I e I A [ N
3 (I T T Y 2 I T I I [ NN
[ IIIiIiO-.EIIIIi It
[ NN RN [
F [ I I v N B B I R I [
7 - very dense sand RERN O R R T
L [ O I O I S I I R R [ S 19,23,28
- N o RN RN I A N=51
I I T T O Chc T T IO O O [ —
: LR
[ ERERRSARRRERR AR mIET
[° | -orey gravelly sang ARRRES AR RRR RN ] N rato
N e I I A I (R s N'=33
M CHHHE —
TR B L
IIIEi.‘_t'DHIIIi [
Lo vl g L1 1
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: to6.0m

TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 13.5m
WATER OBSERVATIONS: Free groundwater observed at 3.5m
REMARKS: E 297558 N 6149284 (MGA)

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp_ Packet penetrometer (kPa) %
D Disturbad sample PID Photo ignisation delector — |
B Bulk sample S Standard penetration test Initials:
U, Tube sample (x mm dia.) PL Point load strength is(50) MPa
W Water sample V  Shear Vane (kPa) .o
C  Cora drilling & Waler seep T Water level Date: b/ m
t

(/)] Douglas Partners

Geotechnics - Environment « Groundwater




BORE No: 201
PROJECT No: 37673
DATE: 20 Dec 04
SHEET 2 OF 2

1149997

280456
DIP/AZIMUTH: 90°/--

SURFACE LEVEL: 4.5m

EASTING:
NORTHING:

BOREHOLE LOG

Proposed Northern Extension

Cleary Bros (Bombo) Pty Ltd
LOCATION: Gerroa Sand Quarry, Gerroa

CLIENT:
PROJECT:

22 o
22 & €= &= &= Qo O
2@ o o o T ~o
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=
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CASING: to 6.0m

Douglas Partners

Geotechnics - Environment - Groundwaler

O

L McKenzie

LOGGED:
CHECKED
L -
Initials: %

Date: —5;]’

¥ Water level

Driver

TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 13.5m
Standard penatration test

PL  Paint load strength 15{50} MPa
Shear Vane (kPa)

>  Water seep

DRILLER:
pp  Pocket penetrometer (kPa)

PID Phete icnisation detector

5
v

E 297558 N 6149284 (MGA)
SAMPLING & IN SITU TESTING LEGEND

Tube sample {x mm dfa)

W \Water sampls

C

Auger sample
Disturbed sample
Bulk sample
Core drilling

WATER OBSERVATIONS: Free groundwater observed at 3.5m

RIG: Scout
REMARKS:

'y

A
D
B
U,




BOREHOLE LOG

CLIENT: Cleary Bros {(Boembo) Pty Lid SURFACE LEVEL: 5.1m BORE No: 202
PROJECT: Proposed Northermn Extension EASTING: 280320 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149878 DATE: 21 Dec 04
DIP/AZIMUTH: 80°/-- SHEET 1 OF 2
Description V'agag{ﬁgﬁ%g o Stlseorggth _ i Fracture Discontinuities Sampling & In Situ Testing
Depth 5 1 T T Q2 o
® (ng) of & ) g B-Bedding  J - Jaint gie¥io Test Results
; > 10 glOR &
Strata o S-Shear  D-DrlBrezk | = 1O 8|E Comments
L SILTY SAND - grey brown siliy
- sand (topsoil)
| 05 SILTY SAND - very loose, orange A
3 brown fine grained silty sand,
L rootlets, damp
_1 —
;
[ A
2
L - pale orange grey 111
: s N=2
L3
[ - pale orange grey
33 S 1=?4
| SAND - medium dense, pale
orange grey fine to medium
grained sand, frace shell
fragments, wet
La
i 2,710
. s N'=17
L5
I 411,17
S N =28
L - very dense, orange grey fine to
& medium grained sand with some —
r shelts, shell fragments, saturated 16.25,25
s N'=50
7 - slightly coarse grained : 15.26.25
S N=51
75 GRAVELLY SAND - gréy coarse
grained sand and subrounded
quartz, siltstone gravel with shells :
Lo and shell fragments, saturated L
L : s 18,30,-
; refusal
RIG: 3cout DRILLER: Driver LOGGED: L McKenzie CASING: fo 8.5m

TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 15.2m
WATER OBSERVATIONS: Free groundwater observed at 3.8m
REMARKS: E 297425 N 6149163 (MGA)

{

SAMPLING & IN SITU TESTING LEGEND CHECKED
5 Dishroed Sam B ot iomeaton dewciar o
stul sampie L0 KINE n detector . & py
B Buk sample S Standard penetration fest 'n"'amé v ' P
U, Tube sanfp!e {x mm dia.) PL  Point load slrengti‘: I5(50} MPa - Doug'as artners
W Water sample V  Shear Vane {(kPa) . i .
C  Core drilling > Water seep ¥ Water level Date: “B/ ) Geatechnics - Environment - Groundwaler




BOREHOLE LOG

Geotechnics - Environment - Groundwater

CLIENT: Cleary Bros (Bombo) Pty Lid SURFACE LEVEL: 5.1m BORE No: 202
PROJECT: Proposed Northern Extension EASTING: 280320 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149878 DATE: 21 Dec 04
DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description Degree of Fracture Discontinuities Sampling & In Situ Testing
Weathering |- S| Spacin
| Depth of &| ©pacing ] . ® |os Test Results
[v4 {m) 2 (m) B-Bedding J- Joint 2 g it 8 < a
Strata s =z S-Shear D-DrllBreak | & [3 2l ¢ Comments
o SAND - dense, dark grey medium ; ' s 745
to coarse grained sand, frace i i N=9
gravel, possibly slightly organic, ' —
safurated i !
L 10 ; : _—
[ ! i 12,20,26
[ { | S N=46
3 | I
I ; !
3 i |
[ !
L - grey, non organic ; i 121720
| ! s N= 37
H |
| i
| |
i |
12 420 ! I |
L ~| GRAVELLY SAND - dark grey ! { 10,21,30 for
coarse grained sand and | | S 100mm
subrounded quartz, siltstone gravel 1 [ refusal
with shells and shell fragments, { |
saturated ! i
{ ! |
L { [
._13 30 SAND - dense, grey coarse 3 E
grained sand, saturated ; ; 5 1 ;,314-;6
i |
i |
? i 13,23,26
L ! ! § N =49
i i
i i
i |
18 i 5 | 18,25 for 5amm,-
152 g - ; : refusal
Bore discontinued at 15.2m : ;
(limit of investigation) ; |
; i
16 H ;
L1z :
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: to 8.5m
TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 15.2m
WATER OBSERVATIONS: Free groundwater observed at 3.8m
REMARKS: E 297425 N 6149163 (MGA)
SAMPLING & IN SITU TESTING LEGEND GHECKED
D Disiioss tample B Foks veaton dutocter A
5 i Initials: ;
o Bdinrs o) S S el oo e ~ | (/)] Douglas Partners
W Water sample V  Shear Vane (kPa) -}
C_ Core driling > Water sesp T Water level Date: Jf:’
1




BOREHOLE LOG

CLIENT: Cleary Bros (Bombo) Pty Ltd SURFACE LEVEL: 6.0m BORE No: 203
PROJECT: Proposed Northern Extension EASTING: 280219 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149752 DATE: 22 Dec 04
DIF/AZIMUTH: 90°/-- SHEET 1 OF 2
Descriptian Vegg{ﬁgri%f o St?eor%{h .| Fracture Discontinuities Sampling & In Situ Testing
! Depth f 915 S =2 Spacing ® Test Results
Z (m) o #8[,17 ; g (m) B-Bedding J - Joint al2%8 .. 2
o f . - -Dr > 3
Strata & S - Shear D - Drill Break = 1O g o Comments
| SILTY SAND - grey brown siity ;
3 0.2~sand, roctlets, damp (topsoil) t
[ SILTY SAND - very loose, orange !
I brown silty sand, rootlets, damp to : A
s maoist !
[ E
_1 E
[ f 21,2
[ i AS N=3
[ g A
L §
[ i
r §
-2 H E—
F i
; E :
L E I
[ !
3 ]
r {
3 - loose sand ]
! j s 23,3
L ! N=§
!
- ]
L |
L !
-4 - X
| - medium dense sand, no rootlets ‘ 138
! % S N=11t
I %
I f
[ i
L5 !
. ! 6.4
[ ! s N=10
r f
L !
[ ;
Le 60 5 ——
| 1 SAND - loose, orange brown fine i
L grained sand, wet i s 4.5.4
[ : N=9
L i
L7 705 ; I 20 for 0.5mm, -.-
I [ GRAVELLY SAND - orange grey i = refusal
[ coarse grained sand and .
I subrounded quartz, siltstone gravel :
F with shells and shell fragments, .
[ saturated X
8 - medium dense sand, trace ;
: cobbles : s 15,13,12
1 : N=25
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: to 5.5m

TYPE QF BCRING: Spiral flight auger to 5.5m; Rofary to 17.5m

WATER OBSERVATIONS: Free groundwater observed at 4.0m

REMARKS: E 297 326 N 6149035 (MGA)
SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp  Pocket penetromater (kPa)
D  Disturbed sample FID Phote ionisation detector . AN
B Bulk sample S Standard penetration test nitial
U, Tube sample (x mm dia.} PL  Peint load strength Is{50) MFa Ly |
W Water sample Vv Shear Vane (xPa} . r% \( .
€ Core driliing > Water seep X Water level Date: p
v

(/)] Douglas Partners

Geglechnies - Environment « Groundwater



BOREHOLE LOG

CLIENT: Cleary Bros (Bombo) Pty Ltd SURFACE LEVEL: 6.0m BORE No: 203
PROJECT: Proposed Northern Extension EASTING: 280219 PROQJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149752 DATE: 22 Dec 04
DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
Description mfl}sg{ﬁ:ﬂ?_lf ] Rock _| Fracture Discontinuities Sampling & in Situ Testing
_i| Depth . ¢ 7 &| Spacing e Test Results
2| (m) o] g (m) B-Bedding J - Joint Q g °U 8 e
-~ wo oo - - D = e
Sirata 5 82 28 S - Shear D - Drill Break = | & © Comiments
GRAVELLY SAND - orange grey R
coarse grained sand and i : 5 5,3,5
subreunded quariz, silistone gravel i N=8
with shells and shell fragments, t
aturated (continued) t
=loose sand i
[ [
10 1
| - medium dense, dark brown and %
grey sand, trace organics, : 3 14.8,12
saturated ]T N =20
!
[ I
L f
r1 e SAND - dense, dark grey brown f
medium to coarse grained sand, i 5 11,18,20
trace organics, safurated | N =36
{
!
12 %
L { 5 21,25 for B0mm, -
i refusal
f
H
!
t
3 i
_—13 - trace gravel and shell fragments 1 5 ?gﬁg;ﬁ[
i refusal
t
i
B %
L 14 - grey medium grained sand, trace ; 5 18,25 for 100,
shell fragments i . refusal
; |
[ - grey medium grained sand i s 15,30 for 80mm,-
; refusat
L 16 ;
183 CLAY - grey clay i
17
%" Bare discontinued at 17.5m !
(limit of investigation)
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: to 5.5m

TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 17.5m
WATER OBSERVATIONS: Free groundwater observed at 4.0m

REMARKS: E 297 326 N 6149035 (MGA}
SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sampie pe  Pocket penstrometer (kPa)
2 Bnmedam £0 Srots o ston et et T P
L] =} netration -
U, Tube san?ple fxmm dia} PL Point toan‘pstrength 15(50) MPa ] ’ ' Doug’as artners
W Water sample ¥ Shear Vane (kPa) . i - .
€ Gore diifing [ Walsrseep 2 Water level Date: '5!"‘/ Geotechnics - Environment - Groundwater
{



BOREHOLE LOG

CLIENT: Cleary Bros (Bombo) Pty Ltd SURFACE LEVEL: 5.8m BORE No: 204
PROJECT: Proposed Northern Extension EASTING: 280102 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149688 DATE: 21 Dec 04
DIF/AZIMUTH: 90°/-- SHEET 1 OF 2
Description ﬁgg{ﬁgﬁ?‘; © Stlﬁgr?gth _| Fracture Discontinuities Sampling & In Situ Testing
—| Depth of g T o8| Seacing . ] = Test Results
| (m) & ; = 2 (m) B-Bedding J-Joint ajesa .,
£ i . > | & uigR &
Strata G ; 3 E‘E S 2 S - Shear D - Drilt Break = O & r Comments
: I =]
L SILTY SAND - grey brown silty ‘ i !
F sand, rootlets, damp (topsoil) i i i
L ! i !
[ j ? ; A
[ 8 SiTvsAND- very loose, orange E ;
H brown silty sand, damp, rootlets X i
1 f {
[ f { 22,2
[ ; i AS N=4
r { !
[ - no rootlets : A
: | |
L - no rootlets, wet i !
i : : s NG
L i {
r f [
I i {
L ! {
i ! {
- | i iar
I f {
F ! {
[ ! {
L4 E ¥,
| - loose sand, no rootiets : !
L ; { g 14,5 -
F i i N=9
[ : f
[ :
[ ‘; |
s i i —
| - rootlets, wet : i
| : ! s 222
L t N=4
s 60 : i |
L SAND - dense, orange brown and |
grey fine to medium grained san, [ 5 10,19,18
trace shell fragments, saturated : N=a7
i
|
7 - with some shell fragments 5 S 20,25 for 80mm -
F H P refusal
l i
[? 39 GRAVELLY SAND - orange arey S Ioas for
coarse grained sand and ; refusal
subrounded quariz and siltstone :
gravel, trace cobbles with some :
shells and shell fragments, !
saturated :
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: fo 9.0m

TYPE OF BORING: Spiral flight auger to 5.5m; Rotary to 15.5m
WATER OBSERVATIONS: Free groundwater observed at 4.0m

REMARKS: E 297210 N 6148968 (MGA)
SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp  Pocket penetrometer (kPa)
D Disturbed sample PID Pheto lonisation detector o
B Bulk sample §  Standard panstration test Initials:
U, Tube sample (x mm dia) PL  Point load strength 15(50) MPa ¥
W Water sample V¥V Shear Vane {(kPa) e I
C  Core dilling > Water seep T Waterlevel Date: T Q’)

{

(/)] Douglas Partners

Geotechnics - Environment - Groundwater




BOREHOLE LOG

CLIENT: Cleary Bros (Bombo) Piy Ltd SURFACE LEVEL: 5.8m BORE No: 204
PROJECT: Proposed Northern Extension EASTING: 280102 PROJECT No: 37673
LOCATION: Gerroa Sand Quarry, Gerroa NORTHING: 1149688 DATE: 21 Dec 04
DIPFAZIMUTH: 90°/-- SHEET 2 OF 2
Description Veggtrﬁgri% o Rock _ gractyre Discontinuities Sampling & In Situ Testing
Z o acin o
2 D(?ﬁ}h of 53 g! :g‘g“ P(m) g 5 Beddng J- Joint 2 g;; 8\9 Test Fgesults
(D 3! T - w1wo oo - - Dl > <
Strata E % g % 0 ﬁji E 5 82 88 S - Shear C - Drill Break = O g x Comments
GRAVELLY SAND - orange grey : : D i : R
coarse grained sand and A~ ! i
subrounded quariz and siltstone i i i
gravel, trace cobbles with some i i b
shells and shell fragments, i | il
saturated (continued) ! ! il
I ! i i
_—10 100 SAND - medium dense, dark brown ; f ;
‘ grey coarse grained sand, with ! : : s 11,109
[ some gravel, shell fragments, trace f : H N=19
[ organics, cobbles, saturated ! : : ]
L ! 1 i
3 ! i i
[ i ! bl
L4 | t il |
L - dense sand - ] i
. ; - s 12,19,26
! ! 'l ]
! | it
! i it
i | it
[ 12 - dense sand, slightly gravelly, no | : Ly
arganics | ] il s 11,19.30
! ; i N =49
] i i —
| i il
! i il
| | i
[ - gray, trace gravel, no shell P ; t 14,23 25 for
fragments ar arganics f ! ‘ ol S 100mm
: é : refusal
X | y
i i |
i ! o
=14 ! i i |
i i il
3 i ; i S
r ! ; i [I—
L 146 ! ! il
L | CLAY - soft, grey clay, damp i { i
L ! { il
i i H s
| i i
154%"Bor Giscontinued at 15.45m b :
(limit of investigation) , E : :
Z
L1z :
RIG: Scout DRILLER: Driver LOGGED: L McKenzie CASING: to 9.0m

TYPE QF BORING: Spiral fight auger to 5.5m; Rotary to 15.5m
WATER OBSERVATIONS: Free groundwater observed at 4.0m
REMARKS: E 297210 N 6148968 (MGA)

SAMPLING & IN SITU TESTING LEGEND CHECKED
A Auger sample pp  Pocket penetrometer (kPa) 7
g gisturbed Isampie g[D ghoto iu:(r;isation detector — Vl
utk sample tandard penetration test -

BB 5, Senpereines & (/)] Douglas Partners
W Water sample V  Shear Vane (kPa} e / " .

C  Core driling [> Water saep I Water level Date: [24] Geotechnics - Enwrgﬂmeﬂt « Groundwater

T
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Drill Hole Reference:

Collar Height:
Water Table:

DESCRIPTIVE GEOLOGICAL LOG

CB#

201

0.6m AHD
01m

Sample

Interval (m)

Descriptian

oy

ot

94]

.3

SAND),

SANMD,

SAND,

CIAY,

fawn, fine grained, well sorted,
subangular-subrounded, quartzose
sand. Light to medium iron stain on
30% of guartz grains. Trace lithics,
no shell.

grey, very fine~medium grained (sone
coarse grained), subangular-—
subrounded, moderately sorted,
cuartzose sand. 5% shell occurring as
Tragments of medium-coarse grained
marine shells. Occasional guartz and
lithic pebbles, and thin interbedded
gravel lavers. 10% lithics. Many
guartz grains have black {light to
rnoderate) coating. )

grey-brown, very fine-coarse grained
(some very coarse graihed),
subangular-rounded, poorly sorted,
gquartzose sand. Trace shell, 3%
lithics. Light organic {(Brown)
cecating on 5% of guartz grains.

dark grey/black, plastic clay.

End of hole:  ~5.9m AHD




DESCRIPTIVE GEOLOGICAL LOG

Drill Hole Reference: CB#204

Collar Height: 0.87m AHD
Water Table: At or near surface
Samhle
Interval {m) Description
'Q-O - 0.5 SAND, light grey, fine.qrained, well

sorted, subangular-subrounded
cguartzose sand. No shell, trace
lithics.

, grey, fine-medium grained, well
sorted, subarigular-subrounded
guartzose sand. Slightly muddy with
occasional coarse grained quartz
grains. <5% lithics, no shell.

il
LRy

1.4 - 5.3 SAND, grey, medium-coarse grained, poorly
‘ sorted, subangular-subrounded (ccarse

grained-very coarse grained is
subrounded-rounded) guartzose sand.
Clean becoming very slightly muddy
with depth. Interbedded very coarse
grained sand and pebble layers. 5%
-lithics. Trace shell occurring as
medium-very coarse grained abraded
fragments of marine shell.

5.3 - 5.5 CLAY, dark grey/black plastic clay.

End of hole: -4.63m AHD




IRy
[N

DESCRIPTIVE GEOLOGICAL LOG

Drill Hole Reference:  CB#206
Collar Height: 478 m AHXID
Water Table: 45m
Sample
Interval (m) Description

9.7 12.0

12.0 13.8

SAWD, fawn brown bescoming fawn
fine grained, well sorted,
subangular-subrounded quartzose sand.
Light to moderate iron Stalnlng on
20~30% of guartzose grains. Trace
lithics, no shell.

below 1.4m,

SAND,

@

rey fawn, fine-medium grained, well
sorted, subangular-subrounded
guart zose sand with scattered pebbles
and gravel. 5%-10% shell as medium-
very cearse grained and largexr
abraded and whole marine shell
(bankivia etc). Trace lithics. Light
tc heavy: liron staining on 30-40% of
gquartz grains.

J'

Y
e

fawn to light brown fawn, fine-
coarse grained, poorly sorted,
subangular-subrounded guartzose sand
with pebbles. Trace lithics. 5% shell
as medlum-very coarse gralned abraded
fragments and larger whole marine
shell. Light to moderate iron
staining on 10% of grains.

SAND,

grey brown to brown grey, fina-
medium grained, well ‘sorted,
subangular-subrounded guartzose sand.
Becomes finer with depth. No shell,
trace lithics. Interbeddad fine and
mnedium grained sands

SAND,

SAND, Brown grey, fine-coarse grainesd,

moderately sorted, subangular— - _
subrounded, guartocze sand. No shell,
trace lithics.

CLAY, dark grevy/black
f = T/

plastic clay.

End of hole: -~ 9.22m AHD




r . A

5.5=-7 m

7-8.5 m
8.5—10 m

10-11.5 m

. Hole SM4

0=-1.5m
1.5-3m
3-4.5m

4. 5_‘6 m

6-9 m

Hole SM5

0-1.5m

1.5-3 m
3—4.5 m

4,.5-6 m

Hole SM6

" 0-1.5m

1.5-3 m

- 32 - G81979,/071

Sand - light grey, cocarse grained, high_sheli
content. Becomes darker in colour, coarser
grained. and higher in shell with depth.

Sand - medium grained, highly shelly numerous
small whole shells. |

Sand - very coarse grained, rounded grains, low
shell contenf.

Clay - grey. plastic, moist.

Sand - cream, very fine grained sand.
Sand - cream. hight shell content, fine grained.
Sand

cream to.yellow sand.
Sand - medium to coarse grained, small whole and

coarse grained, higher shell content

fragmented shells, grey. slightly clayey.
Sand - very coarse grained, gritty, composed of
shell and guartz grains, difficult to penetrate.

Sand - very fine grained, crecam to yellow,

free of shell,.

sand - cream, becoming "cleaner" with depth.

Sand - grey, fine grained, becomes more shelly
with depth. ’

Sand -~ grey, medium to coarse grained. high shell
content in the form of whole and fragmented shell.
Scattered quartz pebbles.

Sand -~ coarse sand intermixed with fine sand,
shell throughout.

Sand - clean, coarSe'grained, becoming more
gritty towards base of hole. High shell

content {whole and fragmented shell). Scattered
guartz pebbles (up to 5 cm long).

%

Sand - orange, very fine grained.
Sand cream-orange . very fine grained, no shell

or clay.




':Hole SMm?

0-1.5 m
1.5-3 m
3.0-4.5m
4.5-6 m

6 7 5nm

" 7.5-9 m

Hole -SM8

0-1.5m
1.5-3 m
3-4.5 m

- 33 - GS81979/071

Sand - cream to yellow. fine to medium grained,

‘little shell, moist.

Sand - medium to coarse grained, low shell in the
form of scattered fragments, grey.

Sand - very coarse grained, becoming more gritty
with depth. Shell content increasing with depth.
Poorly sorted. large scattered gquartz pebbles.
Mud - clay at base of hole.

Sand - orange, medium to coarse grained.
Sand
Sand
Sand -~ white to.cream, very coarse grained,
high charcoal content. Little shell,

Sand - medium to coarse grained, poorly sorted.

1

medium to coarse grained, yellow - orange.

coarse and gritty, clean rounded grains.

Clay - plastic meoist, black -~ grey. HNo shell,
slightly sandy.

Sand ~ cream to yellow, fine grained, no shell.
Sand - medium grained, yellow - orange.

Sand - medium grained, grey. minor shell
content {(fragmented).

- Sand - grey, medium grained, pocrly sorted,

uneven grainsize, fragmented shells thrcughout.
Sand - very high shell content (small whole
shells and fragments} coarse grained poorly
sorted, grey.

Sand - coarser grained shelly as abave.

Sand - very coarse drained, fine gravel, lithic
clasts, pebbles up to 5 cm in length composed of
sandstone. chert.quartz. 2All clasts are well

rounded, mixed with small shells and shell

~ fragments. Occasional clasts up to 10 cm in

length. Some charcoal.




APPENDIX B
Results of Current Laboratory Physical Testing




% Douglas Partners Pty Ltd Unit 1, 1 Luso Drive
| ABN 75053 980 117 Unanderra NSW 2526

‘ ) Doug’as Partners PO Box 486 Phone (02) 4271 1836

- . Unanderra NSW 2526 Fax: (02) 4271 1897
GEﬂtechf"cs . Env’rﬂ"me"t * Grﬂu"dwater Austrafia wollongong@douglaspartners.com.au

RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client : CLEARY BROS (BOMBO) PTY LTD Project No. : 37673

Report No. : ULO5-004A
Project : Proposed Northern Extension Report Date :  11/01/2005

Location : Gerroa Sand Quarry, Gerroa Date Sampled: 20/12/2004
Test Location : Bore 201 Date of Test:  6/01/2005
Depth / Layer : 1.0m Page: 10f1

Percent Passing

Form RU04 Rev3 Feb 2004

AUSTRALIAN STANDARD SIEVE APERTURES

S = R A] = = L A= S P S =
< [ =2 a9 Al o~ < O O~ — N oW M~ - N
100 . — o ——
90 ] 3 P4 L ofa : 3 i F 3 5 ed 5 2 ¥ 5 % sl 3 1 F EER) 5 I PN N 1] 3 2]y o2z 5 L% 2 T § 8
80 - : . .
60 s ;
40 . - : :
f s s e o s s iaas N i e boes A P ) A P
20 - - - : e
0 . . ——— i . " P iy <

0.0001 0.001 0.01 0.1 1 10 100 1000
Particle Size (mm)

CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLES
Fine | Medium | Coarse Fine l Mediuml Coarse Fine I Medium I Coarse
T
0.006 OAIDZ 0‘,2 0‘.6 BTO 2.0
0.002 05 2.0 60

Description: Brown sand

Test Method(s): AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001
Method of Dispersion:

Remarks:

NA NATA Accredited Laboratory No 11183 Approved Signatory: l

This Lahoratory is accredited by the National Association of
. T Testing Authorities, Australia. The test(s) reported herein have Tested: PB David Evans

been performed in accordance with its terms of accreditation.
This document shall not be reproduced except in full Checked: DE Laboratory Manager
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| Douglas Partners Pty Ltd
ABN 75053980 117

PO Box 486
Unanderra NSW 2526
Australia

Unit 1, 1 Luso Drive
Unanderra NSW 2526

i Phone {02) 4271 1836
| Fax:  (0D2) 4271 1897

' wollongong@dougiaspartners.com.au
|

RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client :
Project :
Location :

Test Location :
Depth / Layer:

CLEARY BROS (BOMBO) PTY LTD

Proposed Northern Extension

Gerroa Sand Quarry, Gerroa
Bore 201
2.0m

Project No. :
Report No. :
Report Date :

Date Sampled:
Date of Test:

Page:

37673
UL05-004B
11/01/2005

20/12/2004
6/01/2005
10f1

Percent Passing

AUSTRALIAN STANDARD SIEVE APERTURES
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0.0001 0.001 0.01 0.1 1 10 100 1000
Particle Size {mm)
CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLES
Fine ’ Medium | Coarse Fine |Medium| Coarse Fine lMedium I Coarse
T T T 1 T L]
0.002 0.006 Q.02 08 a2z 0.8 20 8.0 20 50

Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N\
N

Yellow sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accrediied Laboratory No 11183

This Laboratory is accredited by the National Association of
Testing Authorities, Australia. The tesi(s) reported herein have
been performed in accordance with its terms of accreditation.

This document shall not be reproduced except in full

Approved Signatory:

Tested: PB

Checkad: DE

David Evans
Laberatory Manager
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| Douglas Partners Pty Ltd

| ABN 75 053 980 117

| PO Box 486
| Unanderra NSW 2526
Australia

| Unit 1, 1 Luso Drive
| Unanderra NSW 2526

Phone
Fax:

(02) 4271 1836
(02) 4271 1897

wollongong@douglaspartners.com.au

RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client :
Project :
Location :

Test Location :
Depth / Layer :

CLEARY BROS (BOMBO) PTY LTD

Proposed Northern Extension

Gerroa Sand Quarry, Gerroa

Bore 201
8.0m

Project No. :
Report No. :
Report Date :

Date Sampled:
Date of Test:
Page:

37673
ULO5-004C
11/01/2005

20/12/2004
6/01/2005
1 0of 1

Percent Passing

AUSTRALIAN STANDARD SIEVE APERTURES
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0.0001 0.001

0.01

0.1 1

Particle Size (mm)

10

100
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:
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Brown sand

AS 1289.3.6.1-1995, 3.6.2-1895, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laboratery is accredited by the National Association of
Testing Authorities, Australia. The test(s) reporled herein have
been performed in accordance with its terms of accreditation.

This document shail not be reproduced except in full

Approved Signatory:

Tested: PB

Checked: DE

David Evans

Laboratory Manager
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N
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Grey sand
AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laboratory is accredited by the National Association of
Testing Autharities, Australia. The test(s) reparted herein have
been perfarmed in accordance with its terms of accreditation.

This document shali not be reproduced excepi in ful

Approved Signatory:

Tested:
Chacked:

PB
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David Evans
Laboratory Manager



Forn R004 Rev3 Feb 2004

(/)] Douglas Partners

Geotechnics - Environment « Groundwater

Douglas Partners Pty Ltd
ABN 75 053 980 117

PO Box 486
| Unanderra NSW 2526
I Australia

Unit 1, 1 Luso Drive
Unanderra NSW 2526

Phone (02) 4271 1836
Fax:  (02) 4271 1897

wollongong@douglaspariners.com.ay

RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client :
Project :
Location :

Test Location :
Depth / Layer :

CLEARY BROS (BOMBO) PTY LTD

Proposed Northern Exiension

Gerroa Sand Quarry, Gerroa
Bore 202
1.5m

Project No. :
Report No. :
Report Date :

Date Sampled:
Date of Test:

Page:

37673
ULO5-004E
11/01/2005

20/12/2004
6/01/2005
1 0f1

Percent Passing

AUSTRALIAN STANDARD SIEVE APERTURES

un Q Q o Q
[ 0 g N o ] © n O N O o oo
= - L 3 - “ N Yy oo KA BO
o o o o O - o~ = DM~ = NOMD e - N
100 — : - —t— —
EEE T A I 3 s s s sas Pov ok rasrs H 1'-.4-"7"'“; I IR PR P ERE I LT IR R
) S a4 s i §x s s s sas [ . W tes P PR ) P P N It W [
foa ks e b s s ssas P . R P P M PR P N It i N
90 i k] i 2 F F3E & ] 5 R LX) £ ¥ o2 LR I x z |5 3 is 5 os & z L AL £ ooy 3 ¥ §g
e e P PP N f T P B P e P I P AR
Poa 4 s et b s s oasas P : Ao b il e e oshas PR I N (A 4 o s
Poa e s aer S s s ssas I . IV P A R A PR [P N A 4 s st
S e b s s s sas FEN b as ; B [ S M PR IV N (A 4 s s atae
80 -
Y P s s s sas P : e fave PN P W PR PR N M s s avae
S e s s ssas N : I P I N M PR [P N M o st
S s s ssas P s e e P A VY P I N B PR
70 Lo s s i e s s a5 s g gl : I e sl s e Lok sl R
T P S e et 3 N Y] P R P e P i e e
[ [ : e free P IO N P TP T B
Vo s e s s s P : N P N V) [ P PR I [
60 it
PR s s s sas N A v e ees PN I S A PR Y I P
Cn s s e S s s s I : i N P N F A A I Y I [
v e s s aes © s s s P . N A N VRN A N [P M B [N
4+ s csas C e s s Ry | s b oo . s e e sl P s sy ais
o s seas S s s x5 the R . I L s | [N
b s s ssa P s i ot sths Wos ks [N IR e At PR [ N S v [N,
b s s s s Ps sy . NP ' T PR PO N I S s
40 -
s x5 s s as P [N . P P R P PR R I fe e
PN Do w s s PN 5 N IR IS P A P PO N I s oh srwss
30 o e rm——— a1 e St P e e
20 — : -
Los s s PN PR ¢k afes s s b P3N IV A PR P P N
[ # % ERENEE B x £op e e 5 ¥ 5 EE i R PR FAF ) B B N 3 BN
0 i . i i i n P | FEEY " Pl L i
0.0001 0.001 0.01 0.1 1 10 100 1000
Particle Size {(mm)
CLAY FRACTION SiLT FRACTION SAND FRACTION GRAVEL FRACTION COBBLES
Fina | Medium I Coarse Fine IMedium! Coarse Fine |Medium | Coarse
T ] 1 ] 1 T
0.002 0.008 0.02 08 02 0.6 20 6.0 20 5

Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N
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Yellow brown sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laboratory is accredited by the National Association of
Testing Autharities, Australia. The test(s) reporled herein have
been performed in accordance with its terms of accreditation.

This document shall not be reproduced except in fult

Approved Signatory:

Tested: PB

Checked: DE

David Evans
Laboratory Manager
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Description: Yellow sand

Test Method(s): AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
Sampling Method(s): AS 1289.1.2.1-1998, AS 1289.1.1-2001
Method of Dispersion:

Remarks:

Approved Signatory: '

This Laboratary is accredited by the National Assaciation of
Testing Authorities, Australia, The test(s) reported herein have Tested: PR David Evans
L been perfarmed in accordance with its terms of accreditation.

This dacument shall not be repraduced except in full Chacked: DE Laboratory Manager

‘ NATA Accredited Laboratory No 11183
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N
N

Brown sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995

AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laboratory is accredited by the National Association of
Tasting Authorities, Australia, The test{s) reperted hersin have
been performed in accardance with its terms of accreditation.

This decument shalt not be reproduced except in full

Approved Signatory:

Tested:

Checked:

PB
o=

David Evans

Laboraiory Manager
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N\
N

Yellow brown sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 14183

This Laboratory is accredited by the National Association of
Testing Authorities, Australia. The test{s} reported herein have
been performed in accordance with its terms of accreditation.

This document shali not be reproduced except in full

Approved Signatory:

Tested: PB

Chzcked: DE

David Evans
Laboratory Manager
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AS 1289.1.2.1-1998, AS 1289.1.1-2001
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N\
N

Yellow brown sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laberatory is aceredited by the National Association of
Testing Authorities, Australia, The test{s) reporled heregin have
been performed in accordance with its terms of accreditation.

This document shall not be reproduced except in full

Approved Signatory:

Tested:

Checked:

=
DE

David Evans
Laboratory Manager



Form R004 Rev3 Feb 2004

(/)] Douglas Partners

Geotechnies - Environment - Graundwater

Douglas Partners Pty Ltd
ABN 75 (053 980 117

PO Box 486

Australia

Unanderra NSW 2526

Unit 1,

Phone
Fax:

1 Luse Drive

Unanderra NSW 2526

(02) 4271 1836
(02) 4271 1897

wollongong@douglaspartniers.com.au

RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client :
Project :
Location :

Test Location :
Depth / Layer :

CLEARY BROS (BOMBO) PTY LTD

Proposed Northern Extension

Gerroa Sand Quarry, Gerroa

Bore 204
4.0m

Project No. :
Report No. :
Report Date :

Date Sampled:
Date of Test:
Page:
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Percent Passing
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N\
N

Yellow sand

AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Accredited Laboratory No 11183

This Laboratory is accredited by the National Association of
Testing Authorities, Australia. The test(s) reported herein have
been performed in accordance with its terms of accreditation.

This dacument shali not ba reproduced except in full

Approved Signatory:

Tested:
Checked:

PB
DE

David Evans

Laboratory Manager
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RESULTS OF PARTICLE SIZE DISTRIBUTION TEST

Client :
Project :
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Test Location :
Depth / Layer :

CLEARY BROS (BOMBO) PTY LTD

Proposed Northern Extension

Gerroa Sand Quarry, Gerroa
Bore 204
7.0m

Project No. :
Report No. :
Report Date :

Date Sampled:
Date of Test:

Page:
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UL05-004Q
11/01/2005

20/12/2004
6/01/2005
1 0of 1

Percent Passing
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Description:

Test Method(s):
Sampling Method(s):
Method of Dispersion:

Remarks:

N
N

Brown gravelly sand
AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995
AS 1289.1.2.1-1998, AS 1289.1.1-2001

NATA Agccredited Laboratory No 11183

This Laboratory is accredited by the National Asscciation of
Testing Authorities, Australia. The test(s) reported harein have
been performed in accordance with its terms of accreditation.
This dacument shall not be reproduced except in fuli

Approved Signatory:

Tested:

Checked:

PB
DE

David Evans

Laboratory Manager
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RESULTS OF PARTICLE SIZE DISTRIBUTION TEST
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Project :

Location :

CLEARY BROS (BOMBO) PTY LTD

Test Location : Bore 204
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Proposed Northern Extension
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Project No.

Report No. : UL05-004R
Report Date :  11/01/2005

Date Sampled: 20/12/2004
Date of Test: 6/01/2005

Page:

: 37673
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Description: Dark brown sand

thod(s): AS 1289.3.6.1-1995, 3.6.2-1995, 3.6.3-1995

Test Me

Sampling Method(s):

Method

of Dispersion:

Remarks:

NATA Accredited Laboratory No 11183

This Laboratory is accredited by the Nationat Assaciation of
Testing Authorities, Australia. The test(s) reporled herein have
been performed in accordance with ks terms of accreditation.
This document shall not be reproduced except in full

AS 1289.1.2.1-1998, AS 1289.1.1-2001

Approved Signatory:

Tested: PB
Checked: DE

David Evans
Laboratory Manager
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15 Callistemon Close
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Fax: (02) 4960 9601
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RESULTS OF PARTICLE DENSITY & WATER ABSORPTION (FINE)

Client: Cleary Bros (Bombo) Pty Ltd
Project: Proposed Northern Extension
Location: Gerroa Sand Quarry, Gerroa

Project No:
Report No:
Report Date:

Date Sampled: 20-23/12/2004

Date of Test:
Page:

37673
N05-018
3/2/2005

20/1/2005
1of 1

Sample Details

Bore 202 - 1.0m

Bore 202 - 6.0m

Bore 203 - 3.0m

(Sand) (Sand) (Sand)
Apparent Particie Density t/m°® 2.37 2.34 2.35
Particle Density on Dry Basis tm® 2.32 2.32 2.33
Particle Density on Saturated
Surface Dry Basis t/m?® 2.34 2.33 2.34
Water Absorption % 1.0 0.4 0.6
Test Method(s): AS1141.5.1 - 2000

Sampling Method(s): AS1141.3.1 - 1996

Remarks:

NATA Accredited Laboratory
Number: 1670

NATA endorsed test report. This document shall not be
reproduced, except in full.

Approved Signatory:

Checked: DM

Tested: AWAP

D Millard
Laboratory Manager
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(/)] Douglas Partners |:.:

Hunter Region Mail Centre NSW 2310

Geotechnics - Environment - Groundwaler Australia

15 Callistemon Ciose
Warabrook NSW 2304

Phone (02} 4960 9600

Fax: (02) 4960 9601

newcaslie{@douglaspariners.com.au

RESULTS OF PARTICLE DENSITY & WATER ABSORPTION (FINE)

Client: Cleary Bros (Bombo) Pty Ltd Project No: 37673
Report No: NO05-018a
Project: Proposed Northern Exiension Report Date: 3/2/2005
Date Sampled: 20-23/12/2004
Location: Gerroa Sand Quarry, Gerroa Date of Test:  20/1/2005
Page: 1 of 1
Sample Details Bore 203 - 11.0m Bore 204
(Sand) 3.0-5.0m
(Sand)
Apparent Particle Density t/m® 2.37 2.38
Particle Density on Dry Basis t/m® 2.32 2.36
Particle Density on Saturated
Surface Dry Basis t/m?® 2.34 2.37
Water Absorption % 1.0 0.3
Test Method(s): AS1141.5.1 - 2000
Sampling Method{s): AS1141.3.1 - 1996
Remarks:
Approved Signatory:

NATA Accredited Laboratory
‘ Number: 1670

. NATA endorsed test reporl. This document shall not be
reproduced, except in full.

Tested: AWLP
Checked: DM

D Millard
Laboratory Manager
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Box 324
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Australia
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Warabrook NSW 2304

Phone  ({02) 4960 9600
Fax: (02) 4960 9601

newcastle@douglaspariners.com.au

RESULTS OF ORGANIC IMPURITIES OTHER THAN SUGAR

Client: Cleary Bros (Bombo) Pty Ltd Project No: 37673
Report No: NO5-018b
Project: Proposed Northern Extension Report Date:  3/2/2005
Date Sampled: 20-23/12/2004
Location: Gerroa Sand Quarry, Gerroa Date of Test:  20/1/2005
Page: 10f 1
Sample Details: Bore 201 Bore 201 Bore 204
{1.5m) (6.0m) (8.0m)
Result: FAIL PASS PASS
Test Method(s): AS 1141.34 - 1997
Sampling Method(s): AS1141.3.1-1996
Remarks:
Approved Signatory:
NATA Accredited Laboratory )
‘ Mumber: 1670 Tested: AW D Millard

NATA endorsed test report. This document shalf not be
repreduced, sxcept in full.

[\

Checked: DM

Laboratory Manager
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Results of Previous Laboratory Physical Testing




Coffey Partners international Pty Ltd

test results

Cansulting Engineers’
in the gaotechnical sciences
ircorporatad in HSW

Laboratory: Wollongong

client: Cleary Bros. (Bombo) Pry Ltd
project: Gerroa Sand Resource
location:  Gerroa detz: 26~-7-00 jebno: SC568/1
test procedure: AS 1289 C6.1 (1977)
DATE RECEIVED: 20-7-90
SAMPLE MUMBER -
TEST RESUL
CR201 3.0 - 5.Cm
6. 7/mm Sieve 1060
4.7 5mm Sieve 98
2.36mm Sieve g7
1.18mm Sieve 95
~i. 600 ym Sieve 77
T 425 um Sieve 54
300 Jak Sieve 38
150 um Sieve 12
75 ym Sieve B
SHELL ANALYSIS # SHELL*
(Sieve Fraction)
—4 . 75mm to +1.18mm 15.8
=
z ~1.18mm to +75 um 5.2
o /
a
fl
5
-
=
Q
= N
o
<
& -
= NOTE:
= 1. Shell content determinzd by non-standard methed.
g For test method refsr to covering letter of results.
)—E.
é * % Shell may includs other soil particles
o susceptible to BOL acid attack.
b_ H
g - Sample to small for shell znalvsis. -
5

Thn laborswory W megutared by the MNatioml Axsccirtion
of Testing Authorities, Auwrrralia, The testlz] reporied
herein havd been peciormed in sccordencs with the e
af regizmmtion. Thit documant stall naf be reoreiuced
exeaotin full withour the price eopco! of tha labortory.

Adtorised Signature
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Coffey Partners International Pty Ltd Consulting Enginzers
in the neotachnical scisnces
lrcorpormed it NSW

'test rESUhS Laboratory: Wollongong

[

chient: Cleary Bros. (Bombo) Pry Lid
project: Gerroa Sand Resource oo
location:  Gerroa © ¢ dater 26-7-90 jebnot S5C35568/1

test prozedure:  AS 1289 (C6.1 (1977)

DATE RECEIVED: 20-7-90
SAMPLE NUMBER

TEST RESULT

! CB201 4.9 ~ 5.4n

¥

26.5mm Sieve 100
19.0mm Sieve 08
i 13.2mm Sieve <1§)
{ 9.5mm Sieve a9s
17 6.7mm Sieve 94
4, 75mm Sieve oL
2.36mm Sieve 92
1.18mm Sieve 88
600 pm Sieve 76
425 pm Sieve 59
300 pum Sieve : 43
150 pm Sieve 13
75 pm Sieve 5
SHELL ANALYSIS ’ % SHELL#

(Sieve Fraction)

=4 . 75mm to +1.18mm 10.2
-1.18mm to +75 jm 6.2

NOTE:
1. Shell content determ
For test methed reie

ned by non-standard method.
to covering letter of rasults.

t-h

o

¥ % Shell may include othe
susceptible to HCL acid

- Sample to small for shell anelvsis.

COPYNIGHT © COFFEY PAITTNERS INTETHATIONAL PTY LTD {977

Tha leborstxry W regutmred by the Natiormi Assccistion

z! Teming Authoritres, Auxusiia. The tels) repomsd :
harain haee beon pedoomed in accordsnce with tha terms ﬂ ,é 7
cf regimtation. This docwmant shall pat be reprodocsed

=xzeetin full withour the rier mpproval af the eboratery. Authorises Signature
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Coffey Partners international Pty Ltd

test results

Consulting Enginsers
in the geotechnical sciences
Incorporated in NSW

Laboratory Wollongong
 client: Cileary Bros. (Bomba) Pry Ltd
project:  Gerroa Sand Resource
location;  Gerroa dae: 20-7-90 jobro:  SC568/1
test procedure:  AS 1289 (6.1 (1977).
DATE RECEIVED: 20-7-90
SAMPLE NUMBER
TEST RESULT
CB204 O - 1.0m
1.18mm Sieve 100
600 ym Sieve 58
425 um Sieve 93
P300 um Sieve 86
~»150 um Sieve 17
S 75 um Sieve 12

COFYIUGHT @ COFFEY PARTHENS INTERHATIONAL PTY LTD 1977

SHELL ANALYSIS
(Sieve Fraction)

~£ . 75mm to +1.18mm

-1.18mm to +75 pm

~ Sample to small

.

% SHELL*

82 .1
7.5
- NOT=:
4. Sh=ll content determined by non-standard method.
For test method rafer to covering letter of results.
* % Shell may include other soil particies
susceptible to BOL acid attack.

This bommory ¥ reguzsmed oy e Netore! Amociation
of Tuting Authooter, Awoalin. Tha testis) reponed
herein have bxen pecformad in xccardyncs with tha terms
of regimretion. Thit documant shall not De reprodiocad
exzeotin full withou: the pricr aporoval of the laborstory.
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Coffey Partners International Pty Lid

test resubts

Consulting Enginsers
in tha nzotechnical sciences
lncomorziad in KNS

Lsboratory: Wollongon

a
=1

client: Cleary Bros.-('BombO) Ply Ltd
project:  Gerroa Sand Resource
i location:  Gerroa

date: 26—7'“90 job no: SC568/1

test procedurer A5 1289 C6.1 (1977)

SAMPLE NUMEBER

DATE RECEIVED: 20-7-90

TEST RESULT

C204 2.0 — 5.0m

6.7mm Sieve
4L.73mm Sieve
2.36mm Sieve
1.18mm Sieve
- 600 pm Sieve
L2725 ﬁm Sieve
300 um Sieve
150 pm Sieve
75 ym Sieve

SHELL ANALYSIS
{Sieve Fraction)
=4 . 75mm to +1.18mm

-1.18mm te +75 Pm

NOTE:

i. Shell content dets =
. . . o .
For test method refer te covering letter of results.

211 may include cther soil
susceptible to BOL acid attack.

100
g
g7
g1

60

34

16

non-standard mathoed.

1 particles

or shell znalvsis.

n
=
1
y—
—
1y
1

Thu lLaborermey w regicoersd by the Metormi Associstion
of Tering Authorines, Auxtraiia. Tha test{s} repored
Horwin have bwen pectormed in scordancs with T tarms
al mgimecon, This document shall not be raprodoced
s xzent in full withoutr e prior mprovai of tha labortory.

Authorieesd Signature
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Coffey Partners International Pty Ltd
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rest results

Consulting Engnzars
in tha neotzchnical sciences
Incorserated in N SYY

Laboratory: Wollongong

| location

i client: Cleary Bros. (Bombo) Pty Ltd
: project:  Gerroa Sand Resource
Gerroa

job no: SC568/1

1est procedure:

AS 1289 C6.1 (1977)

oyl

SAMPLE NUMBER

DATE RECEIVED: 20-7-90

TEST RESULT

CB206 6.0 — 8.0m

6.7mm Sieve
4.75mm Sieve
2.36mm Sieve
~1-18mm Sieve
"800 pm Sieve
L2725 pm Sieve
300 pm Sieve
150 Hm Sieve

75 Hm Sieve

SHELL ANALYSIS
(Sieve Fraction)

-&.75mm to +1.18mm

-1.18mm to +75 um

1

100
95
92
90
85
76
63
1S
10

%Z SHELL*®

NOTE:

1. Shell content determined by non-standard method
For test method refer to covering letter of

% Shell may include obthsr scil particies
susceptiible to HOL acid attacic.
-~ Sample to small for shell znalvsis.

R A bt AL AT B 2 ] s R s S SR

L sa

Al

This laborzmory = regicosced by the Natioml Asmsocistion
gf Teming Authorities, Auroslia. Tha testis) reported
harsin have been periormed in eccardance with tha tecms
of regizDration. Thit docurnsnt sail nat be reproducod
rxceot in full withour $ie prior moocoval of tha faboratory.
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Cotfey Partners International Pty Ltd

est results

.

Cansulting Enginears
in the geotachnical sciences
incorporated in NSW

Laboratory: Wollongong

i :
g ; client: Cleary Bros. (Bombo) Pry Ltd ‘
5 project: Gerroa Sand Resource 3
it jocation:  Gerroa gate: 26—7-90 job no: SC568/1
:
wstprocedure: AS 1289 C6.1 (1977)
DATE RECEIVED: 20~7-90
SAMPLE NUMBER i
TEST RESULT
a
i CB206 8.0 - 10.0m
i
H
3
3 G.5mm Sieve 100
6.7mm Sieve 99
4. 75mm Sieve 87
~27.36mm Sieve Q4
1.18mm Sieve 88
600 um Sieve 73
425 pm Sieve 58
300 pm 3ieve L
150 pm Sieve 10
75 pm Sieve 6
SHELL ANALYSIS % SHELL
{Sieve Fractions)
E ~4.75mm to +1.18mm 20.3
o
S5t -1.18mm to 75 um 6.3
2.
=z
=
Z
E NCTE:
c 1. shell content dstermined by non-standard m§thcd. .
E For test method refer to covering letter of results.
= 1] -
ey * % Shell may include other soil particies
5 Sushept to HCL acid atiack.
[ . . - Tape t
= = Sample to smell for shell analvysis.
=]

This Jaborrtory i regiomed by the MNatione! Asociation
of Testing Authorities, Auxtrafia. Tha iostls) reporod

nerein hove Deen paviormed in accordyncy with tha terms
af! registredon, Thir docurnent sall not be reproduced
extmot in full withour the pricr spprovasl of the labomtory
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Coftey Partners International Pty Ltd

test results

Consuliing Engineers
in tha gzotschnical sciences
incorporates n MSW

Wollongon

<
=] o

Laboratory:

et cu T LT

chent:
project;
lacation:

Cleary Lros. (Bombo) Fry Ltd
Gerroa Sand Resource
Gerroa

job no:

SC568/1

e 4 L KT

tost procedure:

AS 1289 C6.1 (1977)

COPYRIGHT © COFFEY PARTNEAS INTERNATIONAL PTY LTD 1977

DATE RECETVED: -20-7-20
SAMPLE NUMBER TEST RESULT
CB206 10.0 13.0m
2.36mm Sieve 100
1.18mm Sieve ag
600 um Sieve 84
L7D um Sieve 01
7300 pm Sieve 41
150 npm Sieve B
75 ym Sieve 3
SHELL ANALYSIS % SHELL¥®
(Sieve Fraction)
=4, 75mm to +1.18mm 41.2
—-1.18mm to %75ﬁpm 1.6
NOTE:
1. Shell content detsrmined by non-standard methed.
For test method refer to covering letter of results.
* Shell may include cother soll particles
susceptible to BCL acid attack.
- Sample to small for shsll anzlivsis.

Thin laboratory % registored by the Hatioml Aoocation
o! Testing Authorities, Auxtralie. The testis) rroortod
herwin have Ceen pectormed in accordancy with tha terms
cf registradon, This document shall nat be reproducsd
axceprin full withour dia price approwed of tha lEomtory.

Autnoriesd. S«gnature
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Cofiey Parinars International Py Lid
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TEST MoTHOD - SHETS, OONTEINT OF SAMSTE

Samples received ware oven dried overnight to a constant water content and dry
sieved to separate so0il fractions. The sieved fractions were then spilt dowm
to a managsable sample size for thes test.

The samples were weighed and the mass recordsd. Hydroohloric acid was then
added to the sample until all chemical reacticn was observed to have ceased.
Following acid treatment the samples ware washed with tap water on & 75 um
sieve to dilute the hydrochloric acid.

Samples were again oven dried and allowsd to cool then rewsighed. The
difference in mass prior to, and after the addition of hvdrochloric acid wes
recorded as z percentages of original mass of the sample, as follows:

1t

¥ Shell (Ma - M=) x 100

M

o
3]
=

"

—

—_—
1

Percentags of shells in sample
Ma = Mass of dried sample prior to adding acid

Mo, = Mass of dried sample after adding sample

. % Shell mavy also Include other soll particles in the sample susceptible
to acid attack.
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GERROA SAND RESOURCE
Southern Exiraction Area

Appendix 1

TABLE A1

CLEARY BROS (BOMBQ) PTY LTD

Report 279/02

Laboratory Analyses of Sands from Gerroa Resource - Sguthern Extraction Area

Drill Hole | Depth of Hole | Sample Depth | % Passing % Shell % Shell Unit
No. (m) (rm 300 um (>1.18 mm) | («1.18 mm) I
CB#201 8.5 Jto5 38 - 8.2 2*
481t05.4 43 10.2 6.2 2
CB#202 7.5 Tto2 53 288 0.3 2
2103 24 8.4 0.4 2
4106 49 - 1.0 2
CB#203 7.0 O0to2 65 - 0.7 2
' 3toB 35 1.0 0.8 2
CB#204 5.5 Oto1 86 - 7.5 1-2
2165 19 1.0 2.6 2
CB#205 105 0o 6 78 - 0.5 1
71010 41 11.0 i2.1 2
CB£206 14.0 6108 63 34.9 20.3 2
81010 44 12.0 6.3 2
1010 13 41 1.0 1.6 2
| * Disturbed

ZTSN2AL

Py

R.W. CORKERY & CO. PTY. LIMITED
e




GERROA SAND RESOURCE CLEARY BROS (BOMBO)-PTY LTD

Southern Exiraction Area
Appendix 2

(No. of pages excluding cover page = 12)

L
[

Results from June 2000 Investigations

. Test Report Sheets for TP1, TP2 and TP3

. Carbonate Content

R.W. CORKERY & CO. PTY. LIMITED

Report 278/02
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TEST REPORT SHEET

ACN 032 217
Urnit 14130 Indus
O: i :"fc i3 ,NS
Telephone (02} 42
Facsimila (']jj ».-25
Email wolnetgeo@ Bigna

{Document No R18.0;

Client: Cigary Bros(Bomba) Pty Ltd
Project: Maigrial Testing

Location: Gerroa Quarry

Date: 13.7.00

]

SAMPLE DATA

Sample Numbear:

Sample Location:

1.2m depth

Date Samplad:

Sampling Procedure: AS1141.3.1

Sampie Descrigtion: GERRCA SAND

~ v TEST PROCEDURE

TEST RESULTS

AST141.11 (19986)

(Washadi

% Passing 6.7mm Sieva
% Passing £.75mm Sieve
% Passing 2.35mm Sigve
% Passing 1.18mm Sieva
=:3 Passing 600um Sisve
% Passing 425, Sigve
Passing 150um Siave
%o Passing 72um Sieve

AS1141.34 {1897)

AS1289 211

i

0
W

\\[\\(l{C)ITU\AK-




AOHN DG Eg 8

Unit 1140 industiial Ro:
Oak Flais NSw 25
Telzphone (02) 4257 4
Facsirmilz (02} 4257 24:

Geotechnics Pty Ltd | Enat mieeeca o co

TEST REPORT SHEET (Document No R12.0!
Client: Cleary Bros(Sombo) Piy Lid Job No: W2099/1

Project: Material

Locaticn: Gerroa Quarry Date: 13.7.00

SAMPLE DATA
| Sample Number: 8 B
Sample Location: TP3
4m depth

Date Sampled: 258.8. OO
samoling Procedure: AS1141.3
Sample Descrintion GERROA SAND

py TEST PROCEDURE TEST RESULTS

AS1141.41 (1998)

(Washed)

% Pzssing 6.7mmi Sieva 100

% Passing 4,75mm Siave 100

% Passing 2.36mm Sievs 100

% rPassing 1.18mm Siave 99

% Passing 800um Sizve 89 i

% Pcz:le"k: 425um Sieve " 68 ‘:

% Pagsing 300um Sieve =0 !

% Passing 150u.m Siave 13 ;

% Passing 75um Sigve / |
|
ﬁ
j

AS1147.34 (1997) !

PassFal Fail ’

|

AS1289 2.1.1 |

Moisrors Cantan g RS J
|
i
!

TAS ACUREDITED 0% THE MATHINAL

TiNG \l:’:uu!m:LS_ \('S]R-\:_!r\ HHE !
HIZRIN FIANE BLEN "r'.."' VBLY IS ;
FEEITS MO ALCCREDITARUN THE :
\L)'Eﬁltl’)Ulf_,Dr\Ll»lFLL
\ -

\\F-\%L(_’-lrUHH} AT App"""":ﬁ S:



TEST REPORT SHEET

Geofechmcs Pty Ltd

SINGIe I

Urit 14148 Indusiiial |
Oak Flais NSV 2
Telephone (02} 4257
Facsimila (02) §257 4:

Emeil wolnstgac@Bigoond.con

{Document Ne Bis o

Client: Cieary

Project: Material Tesiing

Location: Garro

oa Quarry

Bros{Bombao) Py Lid

Job No: W2099/

Date: 13.7.00

1

SAMPLE DATA

APV ACCHYDITEL

AT PR

Sample Number: 9
Sample Location TP3
- 6m deptn
Date Sampizd: 28.6.00
Sampling Procedurs: AST141.3 1
Samzle Description GERROA SAND
oy TEST PROCEDURE TEST RESULTS |
AS1141.11 (1998)
(Washed)
% Passing 6.7mrmn Sigve 100
% Pagsing €.75mm Sieve 100
% Passing 2.36mm Sieve 103
°% Passing 1.18mm Siave &9
2 Passing 600um Sisve /G
% Passing 425.m Sieve 35
2 Passing 300um Sisve 12
% Passing 150um Sieve 2
% Passing 75um Sieve 2
AS1141.34 (1897)
Fass/=zi Fai |
AS51289 2.1.1
iomsturs Conoen <y 21.3
Commeni
NA ‘\ l.:}?!{T\ESIT‘;';\,;\.; "\'-'I 3!‘7‘ U 8% VitE NATIONAL
fi3Te3s RIPORIED -RFOR /;/’ o
TA ATUQRIANGE WL ST DIrATION TS
THSULMENT SHALL NOL HARISH ("Dn,\\f‘ FINKFLTI
i 13:7 09




EINOG9 20 2

Unit 17140 Indusiial B
Oak Flais NSV E3
Tetephonse (02) 4257

-

F "smda (02) 4257

Geote ch nics Pty Ltd Emsi voinsigao@ 8ot con

[

TEST REPORT SHEET {(Documant No B18 6.
Client: Cleary Bros(Bombo) Pty Lid Joh No: W2039/1

Project: Material Testing

Location: Gerrea Quarry Date: 13.7.00

SAMPLE DATA

Sample Numbaer: : 10

Samole Location: TP3
) 7.5m depih

Date Samplad: 28.6.00
Sampling Procedure: AS11471.3.1
Sample Description: GERROA SAND

” TEST CEDURE TEST RESULTS

AST141.11 (15896)
(Washeds

| % Passing 6.7mm Sieve -
% Passing 4.75mm Siave 100
% Passing 2.35mm Siave 100
% Pa3sing 1.18mm Sisve 100
% Passing 600um Sieve 69
% Passing 425um Sieve 64
% Passing 300um Sieve 33

' % Pazsing 150wm Sisve 16

L% Passing 73um Sieva 5

1

AS1141.34 (1997)

PR e rail
PCDD‘ =
1
AS1289 2.1
vArig s Manrast <L 200
PG T T o
1
]
PN ATIUNAL
RALIY THE
OHNIED BN

SITATION THIS
o \nlAL_\O aE R UJ’)L.‘."_,!\(LI:I“‘ FLiL
SATAALCREDITEDR Mo 13ES




LAB SANPLE
No SOURCE
22873 #1
22874 72
22875 #3
22876 el
22877 #5
22878 #6
22879 77
22880 #
22881 #9

= 22882 +10
22383 =11

Date Tested: 17.07.2000
Sampled By: CLIENT

Signed; =

TEST METHODS

T

1A

AR
e

(¢S

CARBONATE CONTENT

(By acid digestion)

DESCRIPTION CARBONATE
(%)
SAND Not Detectable”
SAND Not Datectable
SAND Not Deteciable
SAND Not Detectable
SAND Not Deteclable
SAND Not Detectable
SAND Not Detectable
SAND Not Detectable
SAND Not Detectable
SAND Not Detectable
SAND Not Deteciable

low iimits of this methed: Less than 0.2%

SomndFiie CHT ; iszus 1 Mav 1288

PRCJECT AUSTRALIAN SOIL TESTING PTY LTD
NETWORK GEOTECHNICS 15 BERMILL €T, ROCKDALE 22185
JoblL W2099/1 Phone 8587 5589  Fax §587 3442




APPENDIX D
Results of Chemical Testing
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